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PRESIDENTIAL  ADDRESS 


SOME  IMPLICATIONS  OF  SCIENCE  FOR  OUR 

SPACE  AGrE  SOCIETY 

C.  LEPLIE  KANATZAR 
MacMurray  College,  Jacksonville 


C.  Leplie  Kanatzar,  President ,  1959-60 


For  the  past  several  years,  my 
work  has  led  me  into  the  history,  the 
sociology,  and  the  philosophy  of  sci¬ 
ence,  in  consequence  of  which  my 
horizons  have  expanded  beyond  the 
biological  sciences  to  embrace  the 
physical  sciences,  including  astron¬ 
omy.  My  remarks  will  be  in  keeping 
with  my  current  orientation  to  sci¬ 
ence,  which  centers  about  the  in¬ 
teraction  of  science  and  society,  a 


topic  zealously  pursued  by  James  B. 
Conant  (1947)  at  the  close  of  World 
War  II.  This  generation  of  scien¬ 
tists  has  been  privileged  to  witness 
the  second  great  impact  of  science 
upon  society,  inaugurated  by  the  ex¬ 
plosion  of  the  first  atomic  device,  and 
enormously  catalyzed  by  the  launch¬ 
ing  of  the  first  sputnik.  Parallels 
have  been  drawn  with  events  and 
forces  that  characterized  the  first 
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major  impact  of  science  upon  society 
in  the  16th  and  17th  centuries  (de 
Santillana,  1955). 

We  have  witnessed  the  equally 
significant  impact  of  society  upon 
science,  manifested  originally  as  con¬ 
cern  for  the  consequences  of  nuclear 
warfare  and  anxiety  for  the  effects 
of  radioactive  fallout  from  nuclear 
test  explosions. 

The  Space  Age  burst  upon  us  in 
October,  1957,  when  the  Soviet  Un¬ 
ion,  supposedly  a  backward  country, 
launched  the  first  artificial  satellite. 
The  Western  nations  were  shocked 
by  this  wholly  unexpected  achieve¬ 
ment,  for  supposedly  Soviet  science 
had  not  progressed  very  far  beyond 
the  days  of  Mendeleef  and  Pavlov. 
In  my  hand  is  a  copy  of  the  Moscow 
News  for  July  29,  1957,  purchased 
in  Moscow  on  that  date.  On  page 
seven,  under  the  banner  line,  “What 
Scientists  Dream  About”,  is  a  state¬ 
ment  entitled  “We  Must  Dream”, 
by  Academician  A.  N.  Nesmeyanov, 

President  of  the  Soviet  Academy  of 

*/ 

Sciences.  His  second  paragraph  end¬ 
ed  with  the  sentence : 

“I  like  the  idea  of  catching  a  glimpse 
of  the  21st  century  and  of  trying  to 
imagine  on  the  basis  of  advanced  sci¬ 
ence  how  ideas  born  today  will  become 
reality  tomorrow.” 

I  make  no  apologies  for  my  lack 
of  insight.  As  did  others,  I  failed  to 
make  the  transition  from  the  21st  to 
the  20th  century  as  I  read  his  next 
paragraph  : 

“Soon  our  planet,  the  earth,  will  have 
a  second  satellite,  this  time  one  created 
by  human  hands.  This  tiny  and  short¬ 
lived  laboratory  will  send  us  messages 
over  a  distance  of  several  hundred  kilo¬ 
metres  by  means  of  radio  waves,  keep¬ 
ing  us  informed  about  the  mysteries 
of  the  ionosphere  and  cosmic  rays.  The 
human  intellect,  will  and  labour  will 
create  this  artificial  cosmic  body  and 
send  it  moving  along  its  celestial  orbit. 


The  technical  difficulties  which  stood 
in  the  way  of  solving  this  gigantic  prob¬ 
lem  have  been  surmounted  by  our  sci¬ 
entists.  The  machinery  which  will  help 
carry  out  this  bold  experiment  has  al¬ 
ready  been  built.” 

It  is  of  interest  to  contrast  the 
impact  of  science  upon  two  different 
societies  in  the  first  year  of  the 
Space  Age.  The  ability  of  Soviet  sci¬ 
entists  and  technicians  to  launch 
three  satellites  produced  a  severe  and 
sweeping  reaction  in  the  United 
States  which  found  expression  in  the 
fear  that  Soviet  education  repre¬ 
sented  a  sinister  challenge  to  our 
svstem  of  education.  This  worked  to 
advantage  in  compelling  us  to  de¬ 
velop  concern  for  the  nature  and 
quality  of  our  education,  and  in 
forcing  us  into  a  realistic  appraisal 
of  our  schools  and  their  products. 
As  charges  and  counter-charges 
were  hurled  regarding  the  worth  of 
our  education,  American  success  in 
developing  hydrogen  weapons  caused 
the  Russians  to  be  seized  with  the 
acute  fear  that  the  United  States 
might  launch  upon  the  Soviet  Union 
at  any  moment  a  widespread  and 
devastating  attack  with  hydrogen 
weapons.  History  will  say  how  this 
impact  of  American  science  and 
technology  upon  Soviet  society  in¬ 
fluenced  the  Soviet  government  in 
the  consequent  conduct  of  its  inter¬ 
national  relations. 

For  our  part,  we  accepted  three 
assumptions  regarding  the  merits  of 
science  education  in  the  Soviet 
Union : 

1.  Science  education  in  the  Soviet 
ten-year  schools  (corresponding  to  our 
twelve  years)  was  vastly  superior  to 
American  science  education. 

2.  The  obvious  superiority  of  Soviet 
science  and  technology  could  be  traced 
directly  to  the  superior  program  of 
Soviet  science  education. 


Science  in  Space  Age 


o 


3.  The  source  of  Russia’s  scientists, 
mathematicians,  and  engineers  was  the 
science  classrooms  of  the  ten-year 
schools,  whose  single  severe  curriculum 
emphasized  mathematics  and  science, 
especially  physics. 

It  was  to  check  the  validity  of 
these  assumptions  that  I  returned  to 
the  Soviet  Union  in  1958.  Time  does 
not  permit  analysis  of  the  Soviet 
system  of  education  nor  the  science 
program  of  the  Soviet  ten-year 
schools.  Ultimately  I  came  to  these 
conclusions,  which  in  general  have 
been  confirmed  by  others  who  studied 
Soviet  science  education  in  both  1958 
and  1959 : 

1.  Great  stress  is  laid  upon  biology, 
which  apparently  includes  agronomy 
and  agriculture.  However,  it  is  diffi¬ 
cult  to  say  how  much  biological  theory 
is  taught  and  to  what  extent  the  courses 
serve  for  teaching  practical  agriculture. 

2.  Biology  teachers  in  the  ten-year 
schools  gave  indication  of  possessing 
little  more  than  an  elementary  knowl¬ 
edge  of  biology,  soils,  and  agriculture. 

3.  Physics  receives  greatest  emphasis 
among  the  sciences.  Again  it  is  difficult 
to  determine  how  much  theory  is  taught 
and  to  what  extent  the  course  is  given 
over  to  the  applications  of  physical 
theory  in  industry. 

4.  The  physics  teachers  of  the  ten- 
year  schools  seemed  to  know  their  sub¬ 
ject  thoroughly,  could  discuss  it  intelli¬ 
gently,  and  gave  evidence  of  insight  into 
its  significance. 

5.  Chemistry  plays  second  fiddle  to 
biology,  physics,  and  mathematics. 

6.  Theory  is  sacrificed  for  application 
in  the  science  program  of  the  Soviet 
ten-year  schools,  the  teachers  giving 
theory  a  “lick  and  a  promise”  in  order 
to  concentrate  on  the  technological  and 
agricultural  applications. 

7.  Students  in  the  ten-year  schools 
apparently  are  prodded  to  think  in  terms 
of  industry  and  agriculture  rather  than 
theoretical  science. 

At  the  university  level  my  ob¬ 
servations  were  confined  to  the  bio¬ 
logical  sciences,  including  radiation 
biology.  Again  I  will  summarize  my 
impressions.  There  appeared  to  be 


ample  opportunity  for  the  serious 
study  of  biological  phenomena  and 
the  conduct  of  significant  research. 
The  laboratory  equipment  and  the 
teaching  facilities  in  the  classrooms 
seemed  adequate.  The  academic 
problems  and  decisions  confronting 
Soviet  faculty  members  were  amaz¬ 
ingly  similar  to  those  facing  mem¬ 
bers  of  American  university  fac- 
ulties.  The  students  went  about  their 
work  in  much  the  same  way  as  do 
our  students.  Emphasis  seemed  to 
be  shifting  rapidly  from  taxonomy 
to  experimental  biology.  Work  in 
progress  at  the  university  level  ap¬ 
peared  to  be  of  good  quality.  It 
should  be  added  that  the  foregoing 
comments  may  not  apply  to  those 
areas  of  biology  dominated  by  the 
thinking  of  Lysenko. 

A  topic  of  more  fundamental  sig¬ 
nificance  than  the  achievements  of 
Soviet  science  education  at  either 
the  ten-year  school  level  or  the  uni¬ 
versity  level  is  the  motives  which 
operate  to  direct  Soviet  students  into 
careers  in  science,  mathematics,  or 
engineering,  a  topic  which  Soviet 
educators  were  quite  willing  to  dis¬ 
cuss.  Four  factors  appear  to  impel 
Soviet  students  to  seek  such  careers : 

1.  The  desire  to  escape  the  labor 
force — the  element  of  greatest  concern 
to  Soviet  educational  and  governmental 
authorities. 

2.  The  desire  to  escape  being  drafted 
into  the  Soviet  army. 

3.  The  desire  to  avoid  political  risk. 

4.  The  desire  to  better  oneself,  i.e., 
to  rise  to  a  higher  social  level,  to  in¬ 
crease  one’s  prestige,  and  to  improve 
one’s  purchasing  power.  In  discussions 
with  Soviet  young  people  of  university 
age,  this  motive  was  most  often  ex¬ 
pressed. 

Contrast  this  motivation  with  the 
factors  that  seem  to  operate  in  the 
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United  States.  In  June,  1959,  speak¬ 
ing  to  the  newly  constituted  Busi¬ 
ness  Advisory  Committee  of  the  Illi¬ 
nois  Junior  Academy  of  Science, 
Professor  Lee  J.  Cronbach  of  the 
University  of  Illinois  gave  a  pene¬ 
trating  analysis  of  the  factors  in¬ 
volved  in  the  choice  of  science  or 
engineering  as  a  career  by  American 
students.  Cronbach  pointed  to  stud¬ 
ies  of  the  careers  of  American  sci¬ 
entists,  mathematicians,  and  engi¬ 
neers  which  indicate  that  it  is  not 
the  work  in  the  science  class  that 
moves  the  student  to  choose  such  a 
career.  True,  the  student  learns  the 
principles  and  sees  them  demon¬ 
strated  in  the  laboratory  experiments 
of  the  formal  science  courses.  Cron¬ 
bach  suggested  that  the  two  most 
significant  motives  contributing  to 
the  development  of  a  creative  sci¬ 
entist,  mathematician,  or  engineer 
are  the  opportunity  to  work  on  a 
problem  on  one’s  own  and  the  op¬ 
portunity  to  express  one’s  scientific 
intellect.  Seemingly  such  motivation 
was  absent  among  the  Soviet  young 
people  with  whom  I  spoke,  although 
undoubtedly  these  factors  had  op¬ 
erated  among  the  older  generation 
of  Soviet  scientists. 

What  has  been  said  thus  far  re¬ 
garding  Soviet  science  education  is 
no  longer  new  to  the  scientific  world, 
for  in  the  past  three  years  there  has 
been  an  overwhelming  number  of 
similar  observations  from  a  variety 
of  observers.  1  have  attempted  to  cite 
one  example  of  the  effect  of  science 
and  technology  upon  society,  and  to 
trace  some  side  effects  which  are 
apparent  in  the  science  education  of 
two  different  cultures. 

Since  we  have  contrasted  the  mo¬ 
tivations  of  the  potential  scientists, 


let  us  consider  briefly  the  status  of 
the  career  scientist  in  the  Soviet 
Union  and  in  America.  In  the  past 
forty-three  years,  the  Soviet  Union 
has  been  occupied  with  war  and  the 
recovery  from  war  for  twenty  of 
those  years.  The  net  progress  of  that 
nation  has  come  about  in  the  re¬ 
maining  twenty-three  years.  This  is 
an  extremely  rapid  rate  of  advance¬ 
ment,  and  it  continues  at  an  ac¬ 
celerating  pace.  The  Soviet  people 
credit  their  progress  to  their  system 
of  education  and  the  contributions 
of  their  scientists.  One  has  only  to 
talk  with  Russians  for  a  short  time 
to  discover  the  esteem  in  which  they 
hold  the  professional  scientist.  To 
whatever  extent  they  exist  in  Russia, 
the  good  things  of  life  have  come 
from  the  contributions  of  the  sci¬ 
entist  to  Soviet  technology,  and  the 
promise  of  the  future  is  bright !  The 
scientist  occupies  the  top  social 
stratum  jointly  with  the  educator 
and  the  bureaucrat,  enjoying  special 
privileges  apart  from  his  wages,  and 
the  enormous  respect  of  Soviet 
society. 

With  the  advent  of  the  Space  Age 
in  1957,  the  American  scientist  was 
catapulted  to  heights  of  respect  he 
had  never  known,  and  some  elements 
in  our  population  were  moved  to 
call  upon  him  to  rescue  us  from  al¬ 
most  certain  defeat  and  disgrace. 
This  was  a  startling  experience  for 
the  scientist,  who  recalled  vividly 
the  early  1950 ’s  and  the  grow¬ 
ing  movement  of  anti-intellectualism 
which  in  part  was  comprised  of 
growing  hostility  to  the  scientist.  In 
those  years  the  delayed  wave  of  re¬ 
coil  against  the  use  of  the  atom 
bomb,  and  the  fear  that  the  sci¬ 
entist  might  create  a  mechanism 
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which  would  destroy  the  world  or 
at  least,  contaminate  it  to  such  an 
extent  that  life  could  not  survive, 
did  little  to  enhance  the  standing  of 
the  scientist.  Still  another  reason  for 
increasing  hostility  to  the  scientist 
was,  to  quote  P.  W.  Bridgman 
(1959,  pp.  283-291),  the  “general 
resentment  against  the  necessity  for 
revising  the  social  outlook  imposed 
by  modern  general  technological  im¬ 
provement.  ’  ’ 

I  admit  to  pessimism  in  my  con¬ 
viction,  shared  with  Professor  Bridg¬ 
man,  that  there  has  been  not  a  re¬ 
versal,  but  merely  a  respite  in  the 
growing  tide  of  anti-intellectualism. 
The  hysteria  that  followed  the  onset 
of  the  sputniks  has  faded.  The  pros¬ 
pects  for  peace  seem  slowly  to  im¬ 
prove  with  time.  Much  of  the  earlier 
fear  of  war  in  the  near  future  is  be¬ 
ing  dissipated  in  the  belief  that  the 
nations  of  the  earth  know  full  well 
that  nuclear  warfare  will  be  accom¬ 
panied  by  destruction  of  both  the 
aggressor  and  the  victim. 

In  the  first  year  of  the  Space  Age, 
we  exhibited  great  concern  for  the 
quality  of  our  education  and  ad¬ 
vocated  modification  of  the  curri¬ 
culum  to  encourage  more  students 
to  seek  careers  in  science,  mathe¬ 
matics,  and  engineering.  The  emer¬ 
gency  seems  to  be  ending.  We  are 
doing  better  in  putting  our  satellites 
into  orbit,  and  the  public  is  no 
longer  persuaded  that  we  need  an 
improved  education.  True,  our  edu¬ 
cators  have  become  geared  to  the 
significance  of  science,  and  the  in¬ 
telligentsia  are  still  willing  to  make 
some  sacrifices  that  we  may  step  up 
our  education.  But  the  rank  and  fde 
of  the  population  is  beginning  to 
think  once  again  in  terms  of  the 


l 

three  R’s  and  of  educational  facili¬ 
ties  geared  to  the  first  quarter  of 
the  20th  century. 

Our  society  has  paid  lip  service 
to  the  worth  of  intellectual  activity, 
but  in  reality  our  respect  for  intel¬ 
lectual  excellence  has  never  been 
high,  and  our  practices  have  fallen 
short  of  whatever  ideals  we  may 
have  professed.  One  of  the  yardsticks 
of  the  interest  of  society  in  intel¬ 
lectual  endeavors  has  been  the  value 
placed  upon  the  teaching  profession. 
There  are  still  too  many  people  in 
our  communities  who  relegate  the 
teacher  to  a  low  rung  on  the  social 
ladder,  who  are  convinced  that  teach¬ 
ers  are  paid  enough  or  are  over-paid, 
and  who  question  the  attempts  to 
make  the  teaching  career  more  at¬ 
tractive  considering  that  teachers 
work  but  nine  months  of  the  year 
and  have  Christmas  vacation  in  ad¬ 
dition.  Our  complex  society  has  de¬ 
veloped  at  a  rapid  pace  in  step  with 
our  population  increase,  resulting  in 
a  demand  for  teachers  which  cannot 
be  satisfied.  But  our  college  students 
have  too  often  considered  the  low 
prestige  and  general  social  esteem 
of  the  teacher  and  have  chosen  other 
careers. 

Earlier  I  quoted  Professor  Bridg¬ 
man  to  the  effect  that  the  non- 
scientifie  portion  of  our  population 
generally  resents  the  fact  that  their 
social  outlook  must  be  revised  be¬ 
cause  of  the  rapidity  with  which  our 
modern  technology  has  advanced. 
To  rephrase  his  point,  our  science, 
engineering,  and  technology  have 
developed  more  rapidly  than  has 
society  been  able  to  assimilate  these 
developments.  I  quote  from  the 

statement  by  President  Eisenhower’s 
«/ 

Science  Advisorv  Committee,  issued 
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May  24,  1959,  entitled  Education  for 
the  Age  of  Science  (Chapter  II,  p. 
3)  : 

“There  is  much  reason  to  expect  that 
such  developments  will  continue,  and 
will  indeed  accelerate.  There  is  no  way 
to  turn  back  the  clock  or  to  turn  off 
scientific  advance.  There  will  be  no 
international  moratorium  on  science  or 
technology.  The  people  of  the  United 
States,  on  the  most  practical  grounds, 
must  accept  and  support  these  proposi¬ 
tions.  By  ignoring  them,  or  by  foster¬ 
ing  them  only  with  reserve,  they  could 
doom  their  nation  to  unnecessary  weak¬ 
ness  and  backwardness  in  a  world  where 
other  nations  are  not  so  foolish.  Alfred 
North  Whitehead  said  in  1916: 

“  ‘In  the  conditions  of  modern  life 
the  rule  is  absolute:  The  race  which 
does  not  value  trained  intelligence  is 
doomed.  Not  all  your  heroism,  not  all 
your  social  charm,  not  all  your  wit,  not 
all  your  victories  on  land  or  at  sea,  can 
move  back  the  finger  of  fate.  Today 
we  maintain  ourselves.  Tomorrow  sci¬ 
ence  will  have  moved  forward  yet  one 
more  step,  and  there  will  be  no  appeal 
from  the  judgment  which  will  then  be 
pronounced  on  the  uneducated.’ 

“This  is  even  more  forcibly  apparent 
in  1959  than  it  was  in  1916.  It  follows 
that  we  must  educate  more,  and  espe¬ 
cially  we  must  educate  better,  scien¬ 
tists  and  engineers.  But  this  is  not 
enough.  We  must  have  trained  special¬ 
ists  in  many  fields.  Even  then  we  would 
not  be  successful  if,  having  such  special¬ 
ists,  the  American  people  were  merely 
to  applaud  and  reward  them  for  their 
contributions  while  still  thinking  of 
them  as  useful  strangers,  dimly  under¬ 
stood  and  more  feared  than  admired. 
Hence,  we  must  also  cultivate  a  wide¬ 
spread  dedication  to  and  respect  for 
learning  in  all  fields,  and  a  deep  under¬ 
standing  between  the  public  and  the 
experts.” 

One  aspect  of  the  attempt  to 
rectify  anti-intellectual  ism  falls 
within  my  experience.  For  a  dozen 
years  I  have  taught  a  general  edu¬ 
cation  course  in  science,  with  subject- 
matter  content.  No  attempt  is  made 
to  survey  the  sciences  as  a  whole  or 
a  particular  science.  Fundamental 
principles  selected  from  physics,  as¬ 


tronomy,  chemistry,  and  biology  are 
analyzed  against  a  historical  setting 
to  discover  how  the  scientist  attacks 
a  problem,  what  he  actually  does  in 
the  course  of  research,  how  he  thinks 
through  a  problem,  and  what  impact 
his  ideas  and  discoveries  have  upon 
the  main  streams  of  society.  The 
course  is  constructed  upon  the  prem¬ 
ise  that  the  future  acceptance  of 
science  and  the  scientist  by  society 
depends  upon  the  understanding  and 
and  appreciation  of  the  role  of  sci¬ 
ence  and  scientists  in  modern  life 
by  the  lay  public.  The  influence  of 
Conant  in  the  development  of  the 
course  is  evident.  In  dealing  with 
students  who  too  often  are  antago¬ 
nistic  not  only  to  laboratory  science 
courses,  but  to  the  idea  of  science, 
I  have  come  to  believe,  quite  aside 
from  Dr.  Conant ’s  arguments,  that 
we  can  educate  the  future  business 
man,  homemaker,  farmer,  govern¬ 
ment  official,  artist,  professional  per¬ 
son,  and  teacher  to  the  understand¬ 
ing  of  the  nature  and  value  of  sci¬ 
ence,  and  to  the  conviction  that  sci¬ 
ence  must  continue  to  thrive. 

It  is  the  obligation  of  the  sci¬ 
entist,  whether  teacher  or  researcher, 
to  convey  to  the  non-scientist  an 
understanding  and  appreciation  of 
the  value  of  science,  whether  he  do 
it  informally  among  his  friends  and 
acquaintances  who  are  laymen  in 
science,  or  teach  a  laboratory  science 
course,  or  teach  a  general  education 
course  in  science.  By  this  means 
perhaps  the  fear  of  the  threat  of 
science  to  society  can  gradually  be 
erased.  We  might  take  the  process 
one  step  farther  and  insure  that  the 
future  career  scientist,  busily  as¬ 
similating*  scientific  knowledge  at  the 
undergraduate  or  graduate  level,  be 
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granted  the  opportunity  to  gain 
greater  insight  into  the  heritage  of 
the  scientist,  to  consider  how  the 
fundamental  concepts  with  which  he 
works  have  come  to  be,  and  to  ex¬ 
amine  the  struggles  of  science  and 
scientist  against  the  forces  of  ignor¬ 
ance  and  prejudice.  Perhaps  I  am 
saying  that  we  need  enlightened  sci¬ 
entists  rather  than  intellectually 
nimble  technicians. 

In  the  absence  of  an  understand¬ 
ing  of  the  nature  of  science,  the  non¬ 
scientist  tends  to  the  view  that  the 
problem  is  of  easy  solution  if  only 
the  scientist  would  concern  himself 
with  some  values.  The  non-scientist 
finds  it  strange  that  the  mind  which 
can  conceive  a  theory,  formulate  a 
concept,  or  make  a  discovery,  should 
not  possess  the  wisdom  to  scrutinize 
his  contribution  and  assess  its  po¬ 
tential  for  the  common  good  and  for 
evil  purposes.  One  need  only  peruse 
our  better  journals  and  the  editorial 
pages  to  discover  the  pressure  for 
the  scientist  to  concern  himself  with 
values.  Of  course  the  scientist  sub¬ 
scribes  to  the  value  of  the  human 
being,  to  the  value  of  knowledge  and 
wisdom.  The  non-scientist  is  quite 
oblivious  of  the  questions,  which 
values  are  significant  in  the  probe 
of  nature  ?  Who  shall  set  the  values  ? 
Shall  society  impose  upon  science 
the  responsibility  for  deciding  not 
only  the  procedures,  but  the  goals? 
To  satisfy  the  non-scientist’s  desire 
that  nothing  unpleasant  be  derived 
from  science,  the  scientist  must  fore¬ 
see  the  future  effect  of  his  discoveries 
as  he  makes  them  and  decide  to  what 
use  they  will  be  put.  This  can  but 
lead  to  the  curtailment  of  intellectual 
inquiry.  Orientation  of  research  to¬ 
ward  the  view  that  the  scientist  must 


assume  responsibility  for  the  future 
use  or  mis-use  of  his  contribution  will 
soon  result  in  the  tendency  toward 
development  of  innocuous  scientific 
trivia. 

Having  stated  that  we  cannot  fore¬ 
see  the  future,  I  put  the  question, 
whither  science?  What  is  man’s  hope 
for  the  future?  Space  research  is 
intriguing,  glamorous,  exotic,  and 
newsworthy,  but  I  doubt  that  it  will 
be  the  major  factor  in  the  future 
betterment  of  man’s  welfare. 

Assuming  a  rather  wide  margin 
of'  possible  error,  I  suggest  that 
insofar  as  our  material  life  is  con¬ 
cerned,  man ’s  hope  for  the  future 
lies  in  the  development  of  nuclear 
energy.  I  cannot  tell  you  whether 
nuclear  energy  will  create  a  world 
far  better  than  that  which  we  know 
today,  nor  whether  nuclear  warfare 
will  destroy  the  earth.  1  have  a 
greater  concern.  Suppose  we  be 
optimistic  and  assume  that  nuclear 
warfare  will  be  averted.  If  we  come 
to  the  day  when  we  have  more  leisure 
time  than  work,  when  every  man 
possesses  that  portion  of  the  world’s 
goods  he  desires,  and  our  every  wish 
is  met,  how  will  man’s  mind  and 
personality  react?  Will  our  society 
be  able  to  keep  pace  with  the  in¬ 
creasing  rate  at  which  science  is 
accelerating?  Will  man  himself  be 
able  to  maintain  such  a  pace? 

A  few  of  the  volumes  published 
coincidentally  with  the  Darwin  Cen¬ 
tenary  attempted  to  deal  with  the 
future  of  man.  Garrett  Hardin 
(1959)  expresses  optimism  and  puts 
the  premium  upon  individuality  in 
a  world  becoming  more  and  more 
dedicated  to  conformity.  Jean  Ro¬ 
stand  (1959,  p.  98)  concludes  that 
man  is  on  his  own,  “with  no  obliga- 
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tion  except  towards  himself,  with 
no  law  to  obey  except  his  own,  and 
with  no  values  to  revere  except  those 
of  his  own  making.”  Panel  discus¬ 
sions  involving  the  great  and  the 
near  great  of  science  have  attempted 
to  deal  with  the  future  of  man.  The 
consensus  is  that  we  want  the  best 
which  life  may  have  to  offer,  but 
there  is  a  decided  lack  of  comment 
on  how  to  improve  man  or  how  to 
go  about  insuring  the  future  for 
man.  John  G.  Kemeny  (1959,  p.  262) 
closes  our  discussion  by  saying  that 

“No  development  of  Science  alone  will 
solve  our  great  problems.  Even  if  we 
give  Man  all  the  means  of  achieving 
whatever  goals  he  chooses,  the  final 
choice  still  rests  with  him.  Science 
can  but  hope  to  present  him  with  the 
alternatives  clearly  outlined,  free  from 
emotional  slogans,  free  from  supersti¬ 
tious  misrepresentations.  But  beyond 
this,  Science  cannot  tell  Man  what  is 
right  and  what  is  wrong.  All  the  prog¬ 
ress  Science  can  make  throughout  hu¬ 
man  history  will  be  wasted  if  Man  fails 
to  answer  the  eternal  question  cor¬ 
rectly.” 

I  cannot  promise  you  the  answers 
today  for  any  of  the  questions  I 
have  raised,  but  I  am  reasonably 
certain  that  as  the  increasing  com¬ 
plexity  of  our  civilization  gives  rise 


to  new  tensions  and  new  problems, 
the  future  of  man  depends  upon  his 
willingness  to  meet  his  problems 
head-on,  his  courage  to  take  responsi¬ 
bility  for  decisions,  and  the  wisdom 
with  which  he  attempts  to  plan  his 
destiny. 
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OBSERVATIONS  OF  PRECIPITATION  VARIABILITY 

G.  E.  STOUT 

Illinois  State  Water  Survey,  TJrbana 


Introduction 


Since  1949,  the  Illinois  State 
Water  Survey  has  been  studying  the 
areal  and  temporal  variability  of 
precipitation  as  determined  from 
four  dense  networks  of  rain  gages. 
Great  variability  in  warm-season 


storm-rainfall  was  readily  evident 
early  in  the  study.  After  data  for 
several  years  had  been  compiled, 
large  differences  in  monthly  and 
seasonal  amounts  between  stations 
also  became  apparent.  Since  1956, 


STATE  WATER  SURVEY  RAINGAGE  NETWORKS 

Figure  1. 
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Fig.  2. — Storm,  monthly,  and  growing-season  rainfall  patterns  during  the  summer. 
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three  of  the  rain-gage  networks  have 
been  operated  continuously  to  record 
cold-season  and  annual  precipitation 
in  addition  to  the  warm-season  data. 
The  fourth  rain-gage  network  has 
been  operated  continuously  since 
1949.  Analysis  of  these  data  has 
also  revealed  considerable  areal  vari¬ 
ability  in  cold-season  and  annual 
»/ 

precipitation. 

Three  of  the  networks  are  located 
in  central  Illinois  and  the  fourth 
network  is  located  in  southern  Illi¬ 
nois  (Fig.  1).  The  Boneyard  net¬ 
work  in  Cliampaign-Urbana  consists 
of  10  recording  and  two  non-record¬ 
ing  rain  gages  in  an  area  of  about 
15  square  miles.  The  East  Central 
Illinois  network,  located  about  25 
miles  west  of  Cliampaign-Urbana, 
includes  50  recording  rain  gages 
arranged  in  an  approximately  homo¬ 
geneous  pattern  over  an  area  of  400 
square  miles.  The  Panther  Creek 
network  is  located  near  El  Paso, 
Illinois,  about  70  miles  northwest 
of  Cliampaign-Urbana,  and  consists 
of  nine  recording  rain  gages  in  an 
area  of  95  square  miles  on  the  Pan¬ 
ther  Creek  watershed.  Centered 
around  West  Frankfort,  the  Little 
Egypt  network  in  southern  Illinois 
consists  of  22  recording  and  28  non¬ 
recording  rain  gages  spaced  over  an 
area  of  540  square  miles.  All  of  the 
recording  rain  gages  are  serviced 
weekly  by  Survey  personnel. 

Storm,  Monthly,  and  Seasonal 
Precipitation 

The  great  variability  in  storm, 
monthly,  and  seasonal  precipitation 
that  can  occur  during  the  warmer 
half  of  the  year  on  the  East  Central 


Illinois  network  is  shown  in  Figure 
2.  On  August  3,  1956,  rainfall  varied 
from  three  inches  to  zero  within  a 
distance  of  five  miles.  The  monthly 
totals  for  May  and  August  1956 
indicate  a  maximum  difference  of 
nearly  600  percent  between  points 
within  the  network  during  May  and 
more  than  200  percent  in  August. 
During  the  1956  growing  season, 
May-August,  gages  near  Deland  in 
the  southeast  corner  of  the  network 
indicated  50  percent  more  rainfall 
than  gages  near  the  center  of  the 
network. 

Figure  3  illustrates  the  variability 
in  precipitation  during  the  cold  sea¬ 
son  on  the  East  Central  Illinois  net¬ 
work.  These  isoliyetal  maps  were 
prepared  from  the  records  of  25  rain¬ 
fall  stations  instead  of  the  50  nor¬ 
mally  in  operation.  Precipitation 
during  the  extremely  damaging  ice- 
storm  of  January  20-21,  1959,  varied 
from  a  low  of  0.72  inch  to  a  high  of 
1.80  inches.  The  melted-water  con¬ 
tent  resulting  from  the  heavy,  wet 
snowfall  of  March  9-10,  1959,  is 
shown  in  the  upper  right  portion  of 
the  figure.  The  lowest  amount  Avas 
0.09  inch  while  the  highest  amount 
was  0.62  inch,  and  the  snowfall 
varied  from  about  one  inch  to  OATer 
six  inches.  The  precipitation  pattern 
during  February  1959  sIioaa^s  a  maxi¬ 
mum  difference  of  1.17  inches  in  a 
distance  of  eight  miles.  For  the 
period  November  1958  through 

February  1959,  seasonal  values 
«/ 

varied  considerably  Avith  distance. 
A  maximum  range  from  8.56  to  12.23 
inches,  or  a  seasonal  difference  of 
3.67  inches,  Avas  recorded  in  a  dis¬ 
tance  of  nine  miles. 
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WINTER  SEASON  PRECIPITATION  PATTERNS 


Figure  3. 


Annual  Precipitation 

Since  1956,  annual  operation  of 
the  dense  rain-gage  networks  lias 
provided  data  on  the  variability  of 
annual  precipitation.  Table  1  shows 
the  mean  annual  precipitation  on 
each  network,  highest  and  lowest 
station  amounts,  percent  of  the 
mean,  difference  and  distance  be¬ 
tween  the  highest  and  lowest 
amounts,  and  the  maximum  point- 
to-point  difference  in  inches  per 
mile.  A  maximum  difference  of  eight 
inches  per  mile  was  observed  on  the 
small  Boneyard  network  in  1958, 
while  the  three  larger  networks  had 
maximum  differences  ranging  from 
two  to  five  inches  per  mile  during 
1956-58. 


Annual  Precipitation  Variability 

Figure  4  shows  the  annual  pre¬ 
cipitation  pattern  for  central  Illinois 
in  1957,  based  on  data  from  the 
three  dense  networks  and  on  data 
from  the  28  U.  S.  Weather  Bureau 
climatological  stations.  Considerably 
greater  detail  is  evident  in  the  re¬ 
gions  of  the  dense  networks.  Pre¬ 
cipitation  ranged  from  43  inches  to 
35  inches  in  the  Champaign-Urbana 
area,  and  from  46  inches  to  34  inches 
in  the  area  encompassed  by  the  50 
gages  in  the  East  Central  Illinois 
network  located  west  of  Champaign- 
Urbana.  In  the  Panther  Creek  net¬ 
work,  values  ranged  from  43  inches 
to  34  inches. 
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1957  PRECIPITATION  AS  BASED  ON  US  WEATHER  BUREAU  AND  ILLINOIS  STATE  WATER  SURVEY  DATA 


Figure  4. 


The  precipitation  pattern  for 
1957,  based  solely  on  data  from  the 
Weather  Bureau  climatological  sta¬ 
tions,  is  shown  in  Figure  5.  Steep 
gradients  of  precipitation  evident  in 
Figure  4  are  eliminated,  although 
there  is  still  considerable  variability. 
Long-term  records  indicate  that  the 
average  annual  precipitation  in  this 
region  ranges  from  34  inches  in  the 
north  to  37  inches  in  the  south 
(Fig.  6). 

The  average  annual  precipitation 
pattern  in  Illinois  (Fig.  6)  shows 
relatively  large  differences  in  rain¬ 
fall  within  distances  of  30  miles  or 
less  in  many  areas  of  Illinois.  Re¬ 
search  is  currently  underway  to 
determine  the  causes  of  these  average 
differences  and  the  extreme  variabil¬ 


ity  that  occurs  in  a  single  year. 
When  annual  precipitation  data  are 
used  in  hydrologic  studies,  such  as 
determining  the  potential  water  re¬ 
sources  of  an  area,  one  must  select 
data  that  are  representative  of  the 
area  being  studied. 

Annual  Small-Scale  V ariability 
Variations  within  short  distances, 
as  exhibited  in  the  patterns  of  pre¬ 
cipitation  for  1957,  might  be  con¬ 
sidered  as  having  a  minor  effect  on 
the  average  annual  precipitation  pat¬ 
tern.  However,  the  10-year  average 
distribution  of  precipitation  in  the 
Boneyard  network  (Fig.  7)  indi¬ 
cates  otherwise  (Changnon,  1959). 
Average  values  vary  from  30  to  35 
inches  within  this  network  of  15 
square  miles.  The  heavier  precipita- 


Table  1. — Annual  Rainfall  Statistics  from  Dense  Rain  Gage  Networks. 
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Figure  5. 


tion  in  the  central  part  of  the  Cham- 
paign-Urbana  area  may  be  dne  to 
urban  effects  (Landsberg,  1956,  pp. 
584-603).  Although  the  exact  cause 
is  not  known,  the  greater  amount  of 
precipitation  could  be  attributed  to 
several  factors.  Increased  turbulence 
from  local  heating,  greater  mechan¬ 
ical  mixing  of  the  air,  and  a  greater 
concentration  of  condensation  nuclei 
may  be  influential  in  the  production 
of  17%  more  rainfall  over  the  cen¬ 
tral  section  of  the  urban  area.  It  is 
also  conceivable  that  a  rain  gage  in 
an  urban  area  collects  more  pre¬ 
cipitation  because  surrounding  build¬ 
ings  shield  it  from  the  wind  and 
limit  the  turbulence. 


Conclusions 

Precipitation  data  from  dense 
rain-gage  networks  have  indicated 
considerable  variability  in  storm, 
monthly,  annual,  and  decade  pre¬ 
cipitation  within  short  distances. 
Care  must  be  exercised  in  the  selec¬ 
tion  of  precipitation  records  that  are 
representative  of  the  area  under  in¬ 
vestigation. 

The  maximum  recorded  differences 
in  annual  precipitation  observed  in 
the  several  networks  varied  from 
8.5  to  14  inches.  The  maximum  point- 
to-point  difference  in  these  networks 
ranged  from  2.25  to  8  inches  per 
mile. 
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ANNUAL 

AVERAGE  ILLINOIS 
PRECIPITATION 

BASED  ON  DATA 
THROUGH  1954 
U.S.W.B.  NORMALS  (35YR) 


ILLINOIS  STATE  WATER  SURVEY 


1955 


Figure  6. 
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Pig.  7. — Average  annual  precipitation  for  Champaign-Urbana,  1949-1957. 


A  study  of  10  years  of  precipita¬ 
tion  records  from  gages  located 
throughout  Champaign-Urbana  indi¬ 
cates  that  the  average  annual  pre¬ 
cipitation  over  the  central  part  of 
these  cities  is  five  inches  greater 
than  the  precipitation  recorded  on 
the  western  edge  of  Champaign. 
Urban  effects  on  the  rainfall  process 
are  considered  responsible  for  part 
of  this  difference. 

Acknowledgments 

The  author  is  indebted  to  Stanley 
A.  Changnon  and  Douglas  M.  A. 


Jones  for  the  computation  of  much 
of  the  data  and  to  members  of  the 
staff  of  the  Illinois  State  Water 
Survey  who  reviewed  the  manuscript. 

Literature  Cited 

Changnon,  S.  A.  1959.  Summary  of 
weather  conditions  at  Champaign- 
Urbana,  Illinois.  Ill.  St.  Water  Surv., 
Bull.  no.  47.  95  pp. 

Landsberg,  H.  E.  1956.  The  climate  of 
towns.  In  Thomas,  W.  L.,  et  al.  (ed.), 
Man’s  role  in  changing  the  face  of  the 
earth,  pp.  584-603.  Chicago:  Univ. 
of  Chicago  Press. 

Manuscript  received  June  2,  1959. 


A  STRUCTURAL  ANALYSIS  OF  THE  NORTHWESTERN 

ILLINOIS  ZINC-LEAD  DISTRICT 


J.  C.  BRADBURY 

Illinois  State  Geological  Survey,  Urbana 


General  Structure 

The  northwestern  Illinois  zinc-lead 
district  occupies  essentially  the 
northwestern  one-third  of  Jo  Daviess 
Countv.  The  district  lies  on  the 
gently-dipping  south  slope  of  the 
Precambrian  shield.  The  rocks  are 
essentially  flat-lying  with  a  slight 
regional  dip  to  the  south -southwest 
of  about  16  feet  per  mile. 

Detailed  structural  contour  map¬ 
ping  has  revealed  shallow  synclines 
and  elongate  basins  which  have 
amplitudes  ranging  from  10  to  50 
feet ;  the  typical  amplitude  is  about 

25  feet.  The  synclines  and  basins 

*/ 

may  be  grouped  into  three  trends 
(Fig.  1)- — a  major  northeast  to  east- 
northeast  trend  and  subsidiary 
north -northwest  and  east  trends.  The 
northeast  trend  is  characterized  by 
broad,  persistent  synclines ;  the 
north-northwest  and  east  trends  are 
represented  by  narrow,  sharp 
troughs  or  shallow,  canoe-shaped 
basins. 

Vertical  and  inclined  joints  are 
numerous  throughout  the  district. 
The  strike  of  the  joints  is  variable, 
but  there  is  generally  a  dominant 
direction  in  any  specific  area.  Ver¬ 
tical  east -west  joints  are  the  most 
common.  They  are  prominent  in 
nearly  every  outcrop  and  carry  most 
of  the  shallow  crevice  deposits  of  the 
district. 


Structural  Control  of  the 
Deposits 

Structurally,  the  orebodies  fall 
into  tw7o  classes,  which  are  char¬ 
acteristic  of  two  different  portions 
of  the  stratigraphic  column.  “Flat- 
and-pitch”  orebodies,  so-called  be¬ 
cause  the  ore  occurs  in  “flats,”  or 
open  bedding  planes,  and  ‘  ‘  pitches,  ’  ’ 
or  open  inclined  fractures,  are  as¬ 
sociated  with  the  thin-bedded  lime¬ 
stones  in  the  lower  part  of  the  ore- 
bearing  section  and  the  immediately 
overlying  medium-bedded  to  massive 
dolomites.  “Crevice”  deposits  are 
open-space  fillings  along  vertical 
joints  in  massive  dolomite  in  essen¬ 
tially  the  upper  two-thirds  of  the 
section. 

Flat -and-P itch  Deposits.  The  flat- 
and-pitch  orebodies  trend  chiefly 
east-west  and  north-northwest  and 
occur  for  the  most  part  in  definite 
belts  which  follow  the  s}mclines 
(Fig.  1).  The  main  northeast  syn¬ 
clines  contain  orebodies  with  a  gen¬ 
eral  east-wrest  trend,  arranged  en 
echelon.  The  subsidiary  north-north- 

west  and  east-west  synclines  contain 

«/ 

orebodies  parallel  to  their  axial 
trends. 

Considerable  solution  has  taken 
place  in  the  flat-and-pitch  structures. 
Removal  of  up  to  20  or  more  feet  of 
limestone  has  resulted  in  the  forma¬ 
tion  of  solutional  sag  basins  and  the 
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opening  up  of  bedding  planes  and 
inclined  fractures  to  make  the  flats 
and  pitches. 

Because  of  this  solution-induced 
sagging,  it  is  difficult  at  most  places 
to  determine  whether  a  syncline  has 
been  folded  by  tectonic  forces  or- 
merely  represents  a  fracture  zone 
along  which  solution  has  occurred. 
Certain  lines  of  evidence,  however, 
indicate  that  a  specific  mode  of  origin 
can  be  assigned  to  the  synclines  of 
each  of  the  three  axial  trends. 

Data  from  studies  in  mines  (Will- 
man,  1945;  Willman,  Reynolds,  and 
Herbert.  1946)  and  from  prospect 
drilling  indicate  that  the  north- 
northwest -trending  synclines  are 
solutional  structures.  The  amplitude 
of  down  warping  is  approximately 
the  same  as  the  thickness  of  lime¬ 
stone  strata  removed  by  solution,  and 
at  the  ends  of  the  synclines  folding 
and  thinning  die  out  concurrently. 
The  east-trending  synclines  are 
structurally  similar  to  the  north- 
northwest  synclines,  that  is,  they  are 
narrow  and  relatively  straight,  and 
may,  likewise,  be  the  result  of  solu¬ 
tional  sag.  In  a  paper  on  ore  con¬ 
trols  in  the  Illinois-Wisconsin  dis¬ 
trict,  Reynolds  (1958)  apparently 
assigns  a  tectonic  origin  to  the  east¬ 
trending  svnclines  in  the  Shullsburg, 
Wisconsin,  area  but  shows  illustra¬ 
tions  which  suggest  a  solutional 


10  Miles 


Fig.  1. — A  portion  of  the  Illinois- 
Wisconsin  zinc-lead  district,  somewhat 
idealized,  showing  trends  of  flat-and- 
pitch  orebodies  and  of  the  synclines  in 
which  they  occur.  The  long  light  lines 
represent  the  synclines.  Each  short 
heavy  mark  represents  an  orebody,  with 
the  long  dimension  of  the  mark  parallel 
to  the  strike  of  the  orebody. 


origin. 

The  major  northeast-trending  syn¬ 
clines,  on  the  other  hand,  are  gen¬ 
erally  thought  to  be  tectonically 
folded  because  they  are  relatively 
broad  structures  and  are  more  or 
less  continuous  across  the  district. 
Furthermore,  in  the  nonmineralized 
portions  of  the  synclines  between  the 
e n  echelon  orebodies,  the  downfolds 


persist  even  though  there  may  be  no 
solutional  thinning. 

Structural  Control  of  the  Crevice 
Deposits.  In  contrast  to  the  fiat-and- 
pitch  deposits,  the  crevice  deposits 
exhibit  no  association  with  folds.  The 
crevice  deposits  formed  along  ver¬ 
tical  joints  of  great  linear  extent, 
as  much  as  two  miles  in  some  places. 
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The  great  majority  of  these  deposits 
have  an  east-west  trend. 

The  crevices  are  interpreted  as 
shear  joints  because  of  their  great 
length  and  their  characteristics  and 
patterns  in  underground  exposures. 
For  example,  in  most  deposits  it  is 
evident  that  the  locus  of  deposition 
was  in  reality  a  zone  of  closely 
spaced  fractures  rather  than  a  single 
clean  break.  Furthermore,  breccia- 
tion  of  the  rock  is  evident  in  many 
of  the  orebodies.  In  fact,  some  rather 
intense  crushing  is  indicated  in 
limited  areas  where  angular  rock 
fragments,  one-half  inch  or  less  in 
diameter,  are  found  cemented  by 
ore  minerals. 

Structural  Relations  of  Flat-and- 
Pitch  to  Crevice  Deposits.  As  the 
crevice  deposits  and  many  of  the 
flat-and-pitch  deposits  have  an  east- 
west  trend,  it  is  reasonable  to  assume 
that  the  fracture  zones  which  con¬ 
trolled  these  deposits  had  the  same 
origin.  The  difference  in  distribu¬ 
tion  between  the  two  classes  of  de¬ 
posits  can  be  related  to  intensity  of 
fracturing  and  the  width  of  the  in¬ 
dividual  fracture  zones.  The  flat-and- 
pitch  orebodies  formed  in  fracture 
zones  about  50  or  more  feet  wide 
where  there  was  opportunity  for  the 
solutions  to  leach  the  carbonates 
over  a  considerable  width  and  de¬ 
velop  the  sagging  which  caused  the 
flat-and-pitch  structures.  The  strati- 
graphically  higher  crevice  orebodies 
formed  along  narrow  fracture  zones 
(typically  10  feet  wide)  in  which 
conditions  for  extensive  carbonate 
leaching  were  less  favorable,  and 
flat-and-pitch  structures  could  not 
form. 

Because  the  formation  of  flat-and- 
pitch  structures  required  more  in¬ 


tense  fracturing,  the  flat-and-pitch 
orebodies  tend  to  occur  in  specific 
belts,  whereas  the  crevice  deposits, 
which  did  not  require  such  special 
conditions,  are  much  more  scattered. 
The  occurrence  of  belts  of  flat-and- 
pitch  orebodies  along  the  major 
northeast-trending  synclines  is  prob¬ 
ably  the  result  of  a  concentration  of 
stresses  and  fracturing  along  these 
folded  structures. 

There  is  one  trend  of  flat-and- 
pitch  orebodies,  however,  which  does 
not  relate  easily  to  the  east-trending 
crevice  deposits.  The  north-north¬ 
west-trending  orebodies  appear  to  be 
a  special  case  in  that  they  are  prom¬ 
inent  only  in  the  western  part  of  the 
district  where  they  form  a  north- 
south  belt  of  en  echelon  deposits. 
As  this  belt  is  unique  in  the  district, 
it  must  have  been  formed  by  forces 
that  operated  only  locally.  These 
will  be  discussed  more  fully  in  a 
later  paragraph. 

Structural  Development  of 
District 

The  major  elements  of  structure 
to  be  accounted  for  in  the  structural 
development  of  the  district  are  north¬ 
east-trending  synclines,  east-trend¬ 
ing  fracture  zones  of  probable  shear 
origin,  and  a  single  north-south  belt 
of  en  echelon  north-northwest-trend¬ 
ing  ore-bearing  fracture  zones.  These 
elements  are  illustrated  diagram- 
matically  in  Figure  2.  A  Mohr  dia¬ 
gram  shows  the  proposed  orientation 
of  stresses. 

Disregarding  temporarily  the 

unique  belt  of  en  echelon  orebodies, 

the  structural  pattern  appears  to  be 

one  which  can  be  created  bv  north- 

«/ 

west-southeast  compression  —  the 
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northeast  trending  synclines  strike 
normal  to  the  axis  of  compression 
and  the  east-trending  fracture  zones 
occupy  a  principal  shear  plane.  How¬ 
ever,  because  of  relations  which  are 
found  in  other  parts  of  the  Wiscon- 
sin-Ulinois-Iowa  zinc-lead  district, 
the  east-trending  shear  joints  should 
be  regarded  as  part  of  a  joint  system 
that  pre-dated  the  northeast-trend¬ 
ing  folding.  During  the  period  of 
folding,  the  shearing  component  of 
the  northwest-southeast  compressive 
stress  would  tend  to  be  dissipated 
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Fig.  2. — Diagrammatic  representation 
of  structural  elements  of  northwestern 
Illinois  zinc-lead  district.  S  —  north- 
east-trending  synclines,  Sh  —  east-trend¬ 
ing  fracture  zones  of  probable  shear 
origin,  F  —  strike-slip  fault  in  the  base¬ 
ment  rocks,  T  —  en  echelon  tension 
fractures.  In  the  Mohr  diagram,  the 
northwest-trending  line  represents  the 
axis  of  greatest  compression,  the  line 
normal  to  it  the  direction  of  greatest 
tension.  The  other  two  lines,  at  right 
angles  to  one  another,  represent  the 
principal  shear  planes,  with  arrows 
showing  directions  of  relative  movement. 
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along  pre-existing  joints  that  most 
nearly  paralleled  a  major  shear 
plane.  In  this  way,  east-west  vertical 
joints  in  the  Illinois  area  acquired 
the  characteristics  of  shear  joints 
and,  because  of  this  additional  frac¬ 
turing  along  them,  became  favored 
channelways  for  the  leaching  and 
mineralizing  solutions. 

The  unique  belt  of  en  echelon 
northwest-trending  orebodies  could 
have  been  caused  by  movement  along 
a  north-trending  strike-slip  fault  in 
the  basement  rocks  (Fig.  2).  Strike- 
slip  movement  in  the  basement  rocks, 
if  it  did  not  create  a  like  fault  in 
the  overlying  sedimentary  rocks, 
would  initiate  a  couple  and  cause 
en  echelon  tension  fractures  in  the 
sedimentary  rocks  in  a  belt  overly¬ 
ing  and  parallel  to  the  fault.  Such  a 
fault  would  be  parallel  to  one  of  the 
shearing  components  of  the  north¬ 
west-southeast  compression  and  is, 
thus,  feasible. 

Summary 

Mineralized  structures  within  the 
northwestern  Illinois  zinc -lead  dis¬ 
trict  are  shallow  synclines  and  basins 
that  have  a  major  northeast  trend 
and  subsidiary  east  and  north - 
northwest  trends,  and  joints  which 
strike  mainly  east- west.  S  t  u  dies 
based  on  observations  in  mines  and 
on  drilling  data  suggest  that  the 
northeast-trending  synclines  were 
formed  by  compressional  folding  but 
that  the  north-northwest  and  pos¬ 
sibly  the  east-trending  synclines  are 
solutional  sag  structures. 

It  is  postulated  that  the  northeast - 
trending  synclines  were  formed  dur¬ 
ing  the  main  period  of  diastrophism 
by  a  northwest-southeast  compressive 
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force  that  dissipated  its  shearing 
component  along  the  east-west  joints 
of  a  pre-existing  joint  system,  there¬ 
by  creating  fracture  zones  favorable 
for  ore  deposition.  The  north-north¬ 
west-trending  orebodies  form  a 
north-south  belt  of  en  echelon  de¬ 
posits  at  the  west  edge  of  the  district. 
This  unique  belt  must  be  the  result 
of  a  special  localized  set  of  forces 
such  as  might  be  created  by  a  strike- 
slip  fault  in  the  basement  rocks. 
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DIAGNOSTIC  TEXTURES  OF  SOME  WELDED  TUFFS 

FROM  SOUTHEASTERN  IDAHO 

ALFRED  T.  ANDERSON,  JR. 

Northwestern  University,  Evanston 


Abstract 

The  rocks  of  a  250-foot  stratified 
sequence  of  late  Tertiary  (Pliocene 
?)  rhyolitic  volcanics  in  southeast¬ 
ern  Idaho  show  considerable  textural 
variability.  Vitroclastic  tulfs  are  as¬ 
sociated  with  lavas  and  welded  tuffs, 
in  both  of  which  there  is  extensive 
devitrification.  Units  of  welded  tuff 
have  a  maximum  thickness  of  75 
feet. 

Lavas  and  welded  tuffs  are  virtu¬ 
ally  indistinguishable  in  the  field, 
but  in  most  cases  they  can  be  sep¬ 
arated  on  the  basis  of  microtexture. 

The  welded  tuffs  are  characterized 
by  abundant  discrete  areas  which 
correspond  in  size  and  generalized 
shape  to  the  shards  in  neighboring 
vitroclastic  tuffs.  Such  areas  are 
bounded  by  rounded  rather  than 
cuspate  outlines.  Glassy  areas  are 
usually  enclosed  by  zones  of  micro¬ 
scopic  dust  and  cryptocrystalline 
material.  Palimpsest  glassy  areas 
may  be  recognized  in  devitrified 
welded  tuffs  by  the  difference  in 
grain  size  between  these  areas  and 
the  surrounding  matrix.  Bands  of 
dust  frequently  surround  devitrified 
areas. 

The  glassy  lavas  often  have  intri¬ 
cately  folded  flow  bands  and  per- 
1  it ic  cracks.  Elongated  vesicles  and 
flow  patterns  around  phenocrysts 
are  common  in  the  lavas  and  can  be 
recognized  in  the  devitrified  flows. 


Introduction 

Late  Tertiary  (Pliocene  ?)  rhyo¬ 
litic  rocks  outcrop  around  the  mar¬ 
gins  of  the  eastern  half  of  the  Snake 
River  Basalt  Plain  in  southeastern 
Idaho  (Kirkham,  1927 ;  Mansfield 
and  Ross,  1935).  These  rocks  are 
mostly  welded  tuffs,  rhyolites,  obsi¬ 
dians,  and  vitroclastic  tuffs. 

Acidic  volcanics  of  varied  lithol¬ 
ogies  and  textures  are  well  exposed 
at  the  southern  ends  of  the  Lemhi 
and  Lost  River  ranges  (Fig.  1).  In 
the  field,  acidic  lava  is  frequently 
indistinguishable  from  the  welded 
tuffs.  However,  microscopic  exam¬ 
ination  of  the  textures  of  lavas  and 
welded  tuffs  often  permits  these  to 
be  distinguished.  In  addition,  a 
study  of  these  textures  and  those  of 
vitroclastic  tuff  suggests  some  fac¬ 
tors  important  in  governing  the 
genesis  of  welded  tuff.  A  study  has 
been  made  of  specimens  from  locali¬ 
ties  A,  C,  D,  E,  H,  and  EB  (Fig.  1). 

Petrography 

Rhyolitic  flows.  About  5%  of  both 
glassy  and  felsitic  lavas  are  com¬ 
posed  of  phenocrysts.  These  pheno¬ 
crysts  are  quartz  (40%),  sanidine 
(30%),  plagioclase  (25%),  and 
pyroxene  (5%).  The  quartz  pheno¬ 
crysts  often  have  a  stubby  bipyra- 
midal  form  typical  of  high  quartz. 
In  general,  quartz  and  sanidine  phe- 
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Fig.  1. — Map  of  study  area  (blackened  area  in  inset  of  Idaho).  Stippled — Lost 
River  (west)  and  Lemhi  ranges.  EB— East  Butte.  MB— Mid  Butte.  A.  C,  D,  E, 
H,  EB:  areas  sampled. 


nocrysts  are  considerably  embayed 
by  glass  or  f'elsitic  groundmass  ma¬ 
terial.  Plagioclase  and  pyroxene  phe- 


nocrysts  are  usually  not  embayed. 
(Fig.  2a). 


Welded  Tuffs  of  Idaho 
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Glassy  flows,  such  as  the  obsidian 
of  Unit  8  (all  enumerated  rock  units 
refer  to  the  units  of  the  stratigraphic 
section,  Fig.  3  and  Table  1)  are 
characterized  by  highly  folded  bands 
of  microscopic  dust  spheres  (Fig. 
2a).  These  bands  are  about  5  mm. 
long  and  0.05  mm.  wide  and  often 
form  wake  patterns  around  pheno- 
crysts.  Perlitic  cracks,  crystallites 
and  spherulites  are  common. 

Felsitic  lavas  have  a  groundmass 
of  interlocking  potash  feldspar  and 
tridymite  grains  (see  section  on 
classification)  which  have  an  average 
diameter  of  0.02  mm.  Phenocrysts  are 
scattered  throughout  this  ground- 
mass.  Although  fluidal  textures  are 
less  distinct  in  felsitic  lavas  than  in 


glassy  lavas,  dust  bands  which  are 
more  finely  crystalline  than  the  rest 
of  the  groundmass,  and  elongate 
vesicles  are  found  and  suggest  that 
flow  did  take  place. 

Vitroclastic  tuff.  The  vitroclastic 
tuffs  are  composed  largely  of  cuspate 
shards  and  fragments  of  pumice 
cemented  by  fine  carbonate  and/or 
sericite.  The  average  shard  size  of 
these  tuffs  is  0.5-0. 8  mm.  Individual 
shards  are  isotropic,  colorless  in  thin 
section,  and  devoid  of  crystallites. 
Scattered  through  this  rock  are 
crystals  and  fragments  of  quartz, 
sanidine,  and  plagioclase.  Porosity 
is  characteristically  high  indicating 
that  little  compaction  occurred  sub¬ 
sequent  to  formation. 


Fig.  2a. — Obsidian,  folded  bands  of  dust  particles,  perlitic  cracks,  spherulite 
(Scale  =  0.5  mm.). 
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Fig.  2b. — Devitrified  welded  tuff,  embayed  quartz  (bipyramidal  after  high 
quartz),  “incipient  spherulite”,  rims  of  opaque  dust  outlining  devitrified  welded 
shards,  wedge-twinned  tridvmite  (Scale  =  0.5  mm.). 


Welded  tuff.  Like  acidic  lava, 
welded  tuff  may  be  either  glassy  or 
devitrified. 

In  the  field,  glassy  welded  tuff  is 
virtually  indistinguishable  from  ob¬ 
sidian  ;  both  rocks  are  usually  mas¬ 
sive  and  dark  colored. 

Microscopic  examination  reveals 
closely  spaced  glassy  areas  of  ir¬ 
regular  outline  and  large  crystal 
fragments  in  a  cryptocrystalline 
matrix  containing  much  microscopic 
opaque  dust  (Fig.  2c,  2d).  Several 
features  indicate  that  the  glassy 
areas  are  molded  and  welded  shards : 
(1)  These  areas,  averaging  0.3  mm. 
long  and  0.05  mm.  wide,  are  com¬ 
parable  in  size  to  cuspate  shards  of 


closelv  associated  vitroclastic  tuffs. 
(2)  The  shape  of  areas  often  suggests 
modification  of  originally  triangular 
and  cuspate  vitroclastic  shards. 
Areas  are  rounded,  mutually  inter- 
lock,  and  conform  to  the  outlines  of 
crystal  grains.  (3)  A  “bedding- 
plane”  foliation  defined  by  areas 
suggests  that  shards  were  flattened 
by  weight  of  overburden.  (4)  Nearly 
every  area  has  a  brown,  frequently 
cryptocrystalline  center  surrounded 
by  a  light  yellow  isotropic  border 
about  0.005  mm.  wide  (Fig.  2d). 
(5)  Fine  dark,  curved,  hair-like 
lines  up  to  0.01  mm.  long,  resembling 
fine  fractures,  radiate  inward  from 
the  borders  of  areas  (Fig.  2d).  These 
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Fig.  2c. — Glassy,  welded  tuff,  embayed  quartz,  molded  shards  conforming  to 
one  another  and  to  crystal  fragments,  splierulite  (Scale  =  0.5  mm.). 


lines  may  be  crystallites  similar  to 
those  noted  by  Gilbert  (1938)  in  a 
Avelded  tuff  of  eastern  California. 
The  yellow  isotropic  borders  and 
hair-like  lines  (tension  fractures  ?) 
suggest  that  the  rims  of  the  shards 
were  chilled.  (6)  Areas  are  sur¬ 
rounded  by  narrow  zones  of  crypto- 
crystalline  matrix  containing  abund¬ 
ant  microscopic  opaque  dust  par¬ 
ticles.  Both  crystallinity  and  con¬ 
centration  of  dust  particles  in  the 
matrix  suggest  late  stage  crystalliza¬ 
tion,  probably  caused  by  the  circula¬ 
tion  of  gases.  This  matrix  appar¬ 
ently  welds  the  molded  shards  to¬ 
gether. 

In  addition  the  welded  tuff  of 
Unit  4  contains  compound  spheru- 
lites,  the  sharp  boundaries  of  which 


cut  across  individual  molded  shards 
which  remain  discernible  in  the 
spherulitic  regions  (Fig.  2d). 

Porosity  is  variable  in  glassy 
welded  tuff,  fine-  to  medium-sized 
vesicles  being  characteristic. 

In  the  field,  devit.rified  welded 

tuffs  are  nearly  identical  to  devitri- 
«/ 

tied  rhyolitic  lavas;  these  rocks  are 
usually  dense  and  light  colored. 
Under  the  microscope,  devitrified 
welded  tuff  is  composed  of  micro- 
crystalline  potash  feldspar  (70%) 
and  tridymite  (20%)  and  large 
crystal  fragments  (10%).  Its  texture 
is  characterized  by  areas  in  which 
the  crystallinity  is  of  a  coarser  size 
than  surrounding  groundmass  and 
which  approximate  the  size  and 
shape  of  the  molded  shards  of  glassy 
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Table  1. — Stratigraphic  Section. 


Unit 

# 


11 

10 

9 


8 


6 


5 


4 


3 


3 

2 

1 


Thickness 

ft.  Description 

Top  of  section,  top  of  slope. 

Perched  float:  obsidian,  brown  limy  tuff,  and  dense  brown 
welded  tuff. 

30  Light  blue,  microcrystalline  rhyolite  containing  sparse  pheno- 

crysts  of  quartz  and  sanidine  and  spherical  vesicles  up  to  2cm. 
in  diameter.  The  rock  weathers  to  a  brown  massive  cliff. 

65  Light  blue,  devitrified  (fine-grained)  welded  tuff  which  contains 

rare  crystal  fragments.  This  rock  weathers  to  a  rubbly  slope 
of  buff  slabs  1-3  in.  thick.  The  upper  contact  is  sharp. 

13  Light  purple,  devitrified  (very  fine-grained)  welded  tuff  con¬ 

taining  few  slightly  embayed  crystal  fragments.  The  tuff 
weathers  to  a  dark  brown  cliff.  The  upper  contact  is  grada¬ 
tional. 

10  Black,  perlitic  obsidian  containing  red  spherulites  and  sparse 

phenocrysts.  It  weathers  to  a  black  exfoliate  cliff.  The  position 
of  the  probably  sharp  upper  contact  is  estimated. 

3  Mottled  gray,  firm  vitroclastic  tuff  which  contains  light,  buff 

angular  pumice  fragments  up  to  two  inches  across  in  a  matrix 
of  black  shards.  It  also  contains  scattered  crystal  fragments. 
It  weathers  massively.  The  upper  contact  is  sharp. 

10  Loose,  white,  limy  vitroclastic  tuff  which  is  well  bedded.  It 

contains  poorly  sorted  fine  shards  and  sparse  crystal  fragments. 
The  rock  weathers  to  a  light,  gray  debris-covered  slope.  The 
upper  contact  is  sharp. 

65  Very  light  purple,  devitrified  (fine-grained)  welded  tuff  con¬ 

taining  abundant  large  crystal  fragments  of  plagioclase,  sani¬ 
dine,  and  quartz.  The  rock  weathers  to  1-3  in.  thick  slabs 
which  form  a  loose  talus  slope.  Position  of  upper  contact 
estimated. 

10  The  basal  4  feet  is  of  dense,  medium  brown,  vitroclastic  tuff 

composed  of  fine  shards.  The  tuff  grades  upward  into  black, 
glassy,  welded  tuff  containing  red  spherulites.  The  rock  con¬ 
tains  abundant  crystal  fragments  and  scattered  inclusions  of 
red  vitroclastic  tuff  throughout.  The  rock  weathers  to  a  debris- 
covered  slope.  Position  of  probably  gradational  upper  contact 
estimated. 

13  Buff,  vitroclastic  tuff  composed  of  poorly  sorted  medium  sized 

shards  poorly  cemented  by  calcite  grades  upward  into  a  firm, 
red,  vitroclastic  tuff.  Glassy  crystal  fragments  are  abundant 
throughout.  The  tuff  weathers  to  a  non-resistant  debris  slope. 

13  The  upper  contact  is  sharp. 

3  Covered  interval  probably  identical  to  Unit  3. 

26  Vesicular  basalt. 

Base  of  section  is  in  rubble  about  100  feet  above  valley  alluvium. 


welded  tuff.  Such  crystalline  areas 
are  often  crudely  outlined  by  bands 
of  opaque  dust  particles  (Fig.  2b). 
Furthermore,  the  outlined  areas  in¬ 
terlock  and  conform  to  crystal  frag¬ 
ments.  Such  areas  are  interpreted  as 
devitrified  molded  shards. 


The  platy  Units  5  and  10  have 
planar  zones  which  are  more  coarsely 
crystalline  than  surrounding  areas 
of  groundmass.  These  zones  are 
parallel  to  the  “bedding”  seen  in 
outcrop.  Brouwer  (1936)  considered 
lamination  seen  by  a  variation  in 
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Fig.  2d. — Enlargement  of  2c,  light  borders  around  glassy  molded  shards,  liair- 
like  lines  on  shards,  interstitial  opaque  dust,  compound  spherulite  (Scale  =  0.5 
mm.). 


grain  size  in  acidic  rocks  of  Yellow¬ 
stone  National  Park  to  have  been 
caused  by  increased  friction  due  to 
late  stage  liquid  movement,  or  by 
the  circulation  of  gases  liberated 
along  planes  of  movement.  However, 
vertical  compression  of  a  porous  and 
perhaps  initially  stratified  mass 
might  also  produce  zones  concen¬ 
trated  with  volatiles. 

Feather-shaped  aggregates  of  mi- 
crolitic  needles  occur  in  Unit  9  (Fig. 
2b) .  These  aggregates  are  subparallel 
at  an  angle  of  about  20°  to  the 
elongation  of  devitrified  molded 
shards.  The  aggregates  seem  to  be 
incipient  spherulites. 


Devitrified  welded  tuffs  contain 
spherical  vesicles  which  are  similar 
to  those  of  glassy  welded  tuffs,  but 
which  have  more  ragged  outlines  due 
to  the  crystallinity  of  the  surround¬ 
ing  groundmass  (Fig.  2b). 

Welded  tuffs  frequently  contain 
clay  minerals  and/or  carbonate.  In 
many  cases  these  minerals  are  close¬ 
ly  associated  with  vesicles  and 
cracks,  suggesting  that  they  may 
have  been  formed  by  weathering. 
However,  in  other  cases  they  are 
more  or  less  evenly  distributed 
throughout  the  groundmass  and  pos¬ 
sibly  have  resulted  from  devitrifica¬ 
tion  aided  by  volatiles. 
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The  crystals  and  crystal  fragments 
contained  in  glassy  and  devitrified 
welded  tuff  are  similar  in  composi¬ 
tion,  degree  of  embayment  and 
abundance  to  the  plienocrysts  found 
in  associated  rhyolitic  lavas.  Since 
neither  their  nature  nor  their  oc¬ 
currence  can  be  related  to  extrusive 
processes,  these  grains  clearly  have 
had  an  intratelluric  origin. 


Genesis,  Classification  and  Age  of 
Volcanic  Rocks 

Genesis  (welding ) .  Gilbert  (1938) 
has  shown  that  the  degree  of  con¬ 
solidation  and  welding  of  the  Bishop 
Tuff  of  eastern  California  is  a  func¬ 
tion  of  the  thickness  of  overburden. 
Fenner  (1937)  noted  that  the 
amount  of  welding  may  also  be  re- 
lated  to  proximity  to  source  area. 

The  base  of  Unit  4  is  a  hard,  dense 
yellow  vitroclastic  tuff.  Its  cuspate 
shards  have  brown  centers,  which  in 
some  cases  are  cryptocrystalline,  and 
light  yellow  rims.  The  shards  are 
surrounded  by  a  cryptocrystalline 
matrix  abounding  in  microscopic 
dust.  The  underlying  unit  is  baked 
or  weathered  red  at  its  top.  These 
relationships  strongly  suggest  that 
the  base  of  Unit  4,  which  grades  up¬ 
ward  into  welded  tuff,  was  chilled 
and  welding  thereby  prevented. 
Therefore,  rate  of  cooling  may  also 
be  a  fundamental  factor  controlling 
welding. 

Several  intensities  of  welding  are 
represented  in  the  microtextures  of 
the  welded  tuffs  examined  in  this 
study.  Low  degrees  of  welding  are 
suggested  by  textures  barely  dis¬ 
tinguishable  from  those  of  vitroclas- 
tie  tuffs,  whereas  textures  similar  to 
those  of  acidic  lavas  seem  to  indicate 


Fig.  3. — Stratigraphic  section  at  A 
(Fig.  1).  Numbers  refer  to  unit  num¬ 
bers  of  Table  1.  O  —  acidic  lava;  WT  — 
welded  tuff;  VT  —  vitroclastic  tuff; 
BA  —  basalt.  Crosses  —  crystalline 
groundmass;  stars  —  spherulites;  wavy 
lines  i=  flow  structure;  parallelograms 
=  crystal  fragments;  circles  —  vesicles; 
cuspate  shard;  rounded  shard  —  welded 
shard;  solid  line  —  sharp  contact; 
dashed  line  =  gradational  contact. 


more  complete  welding.  Welding  ap¬ 
parently  begins  with  slight  rounding 
of  cuspate  shards,  followed  by  gross 
deformation  and  rounding  of  shards 
accompanied  by  decrease  in  porosity. 
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Devitrification  of  welded  tuffs 
seems  to  represent  the  most  intense 
stage  of  welding.  Since  glassy  and 
devitrified  welded  tuffs  occur  within 
a  few  vertical  feet  of  one  another  in 
the  stratigraphic  section  (Fig.  3), 
devitrification  probably  took  place 
before  the  rock  had  cooled  to  air 
temperature.  In  other  words,  if  de¬ 
vitrification  had  been  caused  by 
some  factor  not  related  to  the  en¬ 
vironment  of  formation  (such  as  age 
or  intensity  of  later  folding),  no 
glassy  rocks  would  be  expected  in 
any  of  the  tabulated  section.  There- 
fore,  devitrification  may  here  be  con¬ 
sidered  a  part  of  the  welding  proc¬ 
ess.  In  Units  4  and  5,  where  a 
chilled  basal  zone  of  vitroclastic  tuff 
grades  upward  first  into  glassy 
welded  tuff  and  finally  into  devitri¬ 
fied  welded  tuff,  devitrification  seems 
to  be  a  final  intense  stage  of  welding. 

Genesis  (formation).  Mansfield 
and  Ross  (1935)  considered  the 
welded  tuffs  of  southeastern  Idaho 
to  have  been  formed  by  extrusive 
processes  similar  to  those  described 
by  Fenner  (1920,  1923)  for  the 
Great  Tuff  Flow  of  the  Valley  of 
Ten  Thousand  Smokes  in  Alaska. 
Since  the  rocks  of  this  study  are 
very  similar  to  those  described  by 
Mansfield  and  Ross,  Fenner’s  de¬ 
scription  (1920,  p.  581)  is  appro¬ 
priate.  He  states  that  “rhyolitic 
magma,  charged  with  dissolved 
gases,  rose  to  the  surface  in  the  newly 
formed  vents.  According  to  general 
observation  the  usual  course  for  such 
a  magma  is  either  to  retain  its  gases 
and  form  a  flow  of  obsidian,  or  to 
evolve  them  with  explosive  violence 
and  scatter  the  disrupted  particles 
to  a  great  distance.  In  this  instance, 
however,  it  apparently  pursued  an 


intermediate  course,  and  produced, 
by  moderately  forcible  disruption, 
an  outward-spreading  and  forward- 
moving  torrent  of  incandescent  sand 
and  pumice,  each  particle  of  which 
was  surrounded  by  and  partially 
suspended  in  gases  which  it  con¬ 
tinued  to  give  forth  during  its  im¬ 
petuous  flow.” 

The  welded  tuffs  of  this  study 
(like  those  described  by  Mansfield 
and  Ross,  1935)  are  thin  in  com¬ 
parison  with  both  the  Tuff  Flow  of 
the  Valley  of  Ten  Thousand  Smokes 
(100+  feet  thick,  Fenner,  1920)  and 
the  Bishop  Tuff  of  eastern  California 
(300+  feet  thick,  Gilbert,  1938). 
Units  4  and  5  have  a  total  thickness 
of  75  feet.  They  seem  to  be  the  lower 
welded  part  of  one  such  tuff  deposit, 
its  overlying  vitroclastic  tuff  having 
been  eroded. 

Classification.  Megascopically  the 
crystalline  rocks  of  the  present  study 
are  felsites.  Microtextures  reveal  that 
many  of  the  felsites  are  welded  tuffs, 
a  few  are  lavas,  although  several  re¬ 
main  of  doubtful  origin. 

Another  useful  parameter  of  clas¬ 
sification  is  mineralogical  composi¬ 
tion.  Mansfield  and  Ross  (1935) 
stated  that  the  finely  crystalline 
matrix  of  welded  tuffs  south  of  the 
Snake  River  Plain  is  probably  com¬ 
posed  of  feldspar  and  tridymite. 
Gilbert  (1938)  states  that  the  crys¬ 
tallization  products  of  vitric  frag¬ 
ments  in  a  welded  tuff  of  eastern 
California  are  potassic  feldspar  and 
tridymite. 

Fenner  (1936)  and  Terzaghi 
(1948)  related  devitrification  to  hot 
gases  and  concluded  that  it  is  ac¬ 
companied  by  a  bulk  increase  in 
potash  and  silica. 
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The  present  study  reveals  that  the 
microcrystalline  groundmass  of  both 
welded  tuffs  and  fluidal  rocks  con¬ 
tains  two  major  minerals.  The  more 
abundant  has  a  refractive  index 
slightly  less  than  that  of  balsam  and 
birefringence  of  about  0.006.  It  is 
probably  sanidine.  The  less  abundant 
mineral  has  a  refractive  index  con¬ 
siderably  less  than  balsam,  a  bire¬ 
fringence  of  about  0.003,  and  oc¬ 
casionally  displays  wedge-like 
twinning  characteristic  of  tridymite. 
Since  plagioclase  occurs  only  as  a 
plienocrystic  constituent,  the  pre¬ 
dominant  feldspar  is  potassic,  and 
the  felsitic  rocks  here  investigated 
are  consequently  rhyolitic. 

Furthermore,  the  indices  of  refrac¬ 
tion  of  glass  shards  from  Units  3 
and  4  and  the  upper  welded  tuff  of 
Six  Mile  Canyon  (area  C  on  Fig.  1) 
are  1.499±:  0.003  in  all  three  cases. 
According  to  data  presented  by 
Heinrich  (1956,  p.  39),  such  a  re¬ 
fractive  index  is  in  the  range  of 
glasses  having  an  acidic  or  inter¬ 
mediate  composition. 

Age.  Regional  correlation  of  vol- 
canics  having  scattered  source  areas, 
is  difficult.  In  the  absence  of  sedi- 
mentary  marker  beds  or  fossil  evi¬ 
dence,  lithologic  similarity  within  a 
limited  petrographic  province  must 
be  assumed  to  indicate  roughly  con¬ 
temporaneous  formation. 

On  the  basis  of  lithology,  Kirkham 
(1927)  concluded  that  the  rocks  de¬ 
scribed  in  Table  1  are  the  western¬ 
most  occurrence  of  Tertiary  Late 
Lavas  (Pliocene  ?). 

Other  formations  which  are  litho¬ 
logically  similar  and  probably  time- 
equivalent  to  the  Tertiary  Late 
Lavas  of  the  tabulated  section  are  the 


Eagle  Rock  Tuff  (Pliocene  ?)  of 
southeast  Idaho  (Stearns  et  al., 
1938)  and  the  Eddie  School  Rhyo¬ 
lites  (Pliocene  ?)  of  southwestern 
Montana  and  adjacent  Idaho  (Schol- 
ten  et  al.,  1955). 
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A  collection  of  about  2200  am¬ 
phibians  and  reptiles  was  amassed 
during  the  summer  of  1958  by  two 
of  us  (Chrapliwy  and  Williams) 
primarily  in  the  dunes  areas  of 
southeastern  Chihuahua,  southwest¬ 
ern  Coahuila  and  northeastern  Du¬ 
rango,  Mexico.  A  few  other  speci¬ 
mens  were  taken  in  Zacatecas,  north¬ 
ern  Jalisco,  Aguascalientes,  and 
Texas ;  among  these  is  a  single 
H emidactylus  turcicus  turcicus  Lin¬ 
naeus  from  Laredo,  Texas,  a  gecko 
previously  reported  by  Dixon 
(1957). 

The  material  from  Aguascalientes 
has  been  reserved  for  report  else¬ 
where  in  conjunction  with  a  review 
of  the  entire  herpetofauna  of  that 
state.  A  new  Uma  has  alreadv  been 

«y 

reported  (Williams,  Chrapliwy  and 
Smith,  1959),  and  certain  Cnemido- 
j) horns  have  been  withheld  for  fur¬ 
ther  study.  All  other  noteworthy 
lizards  and  turtles  are  reported  here¬ 
with. 
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University  of  Illinois  for  financing 
the  field  work;  to  Dr.  D.  F.  Hoff- 
meister,  curator  of  the  University  of 
Illinois  Museum  of  Natural  History, 
for  the  use  of  certain  field  equip¬ 
ment;  to  Mr.  Luis  de  la  Torre  for 
construction  of  an  official  letter  of 
introduction ;  to  Dr.  John  M.  Legler 
for  the  use  of  a  turtle  trap ;  and  to 
Dr.  Robert  Inger  for  loan  of  com¬ 


parative  material  in  the  Chicago 
Natural  History  Museum. 

All  specimens  unless  otherwise  in¬ 
dicated  are  in  the  Universitv  of  Illi- 

c- 

nois  Museum  of  Natural  Historv 
(UIMNH).  All  color  notes  pertain 
to  preserved  material  unless  other¬ 
wise  noted.  Localities  may  be  found 
on  the  National  Geographic  Map  of 
Mexico,  or  on  the  World  Aeronauti¬ 
cal  Charts. 

Amy  da  ferox  emoryi  (Agassiz). 
Two,  1  mi.  E.  of  La  Cruz  (Rio  Flor¬ 
ida),  Chihuahua,  representing  an 
addition  to  the  recorded  herpeto¬ 
fauna  of  that  state.  Abundant  where 
taken  and  also,  by  report  of  local 
residents,  in  Lago  Toronto  into 
which  the  Rio  Florida  drains  bv  way 
of  the  Rio  Conchos.  As  this  drainage 
system  originates  in  northern  Du¬ 
rango  at  two  different  points  (Rio 
Florida  and  Rio  de  Balleza),  it 
seems  likely  that  this  subspecies 
occurs  there  also.  Seventeen  speci¬ 
mens  of  Kinosternon  hirtipes  Wagler 
were  also  taken  at  this  locality. 

Pseudemys  scripta  gaigeae  Hart- 
weg.  Two,  1  mi.  E.  of  La  Cruz  (Rio 
Florida),  Chihuahua.  Reported  only 
once  previously  from  this  state 
(Chrapliwy  and  Fugler,  1955,  p. 
122). 

Pseudemys  scripta  gaigeae  Hart- 
weg  x  elegans  (Wied).  Six,  5.7  mi. 
W.  of  Cuatro  Cienegas,  Coahuila, 
from  a  spring  fed  pond.  The  series 
resembles  gaigeae  since  three  have 
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distinctly  isolated,  rounded  tem¬ 
poral  spots  and  one  lias  an  elongate 
but  still  isolated  spot ;  two  have 
typical  elegans- like  temporal  mark¬ 
ings.  Two  have  a  nearly  black  plas¬ 
tron  ;  the  other  four  show  in  varying 
degrees  a  tendency  toward  a  melan- 
istic  plastron,  with  the  basic  outline 
tending  to  resemble  a  typical  gaigeae 
pattern.  The  carapaces  were  thickly 
covered  with  moss,  but  when  cleaned 
the  ground  color  was  olive  green, 
with  1-5  irregularly  scattered  black 
blotches  per  lamina.  The  middorsal 
keel  on  carapace  seems  higher  than 
in  typical  gaigeae.  The  hind  mar¬ 
ginals  are  flared  but  lack  a  notch  in 
the  center. 

Terrapene  coahuila  Schmidt  and 
Bogert..  A  live  male,  5.7  mi.  W.  of 
Cuatro  Cienegas,  Coahuila,  taken  in 
early  morning  from  a  completely 
submerged  trap  baited  with  several 
small  fish  the  evening  before.  This 
species  has  never  before  been  ex¬ 
amined  for  cloaca!  bursae.  To  our 
surprise  in  this  specimen  the  bursae 
are  well  developed,  with  a  large 
opening  on  either  side,  some  3  mm. 
in  diameter,  entering  a  slender  sac 
about  10  mm.  in  length.  This  is  a 
far  better  development  than  in  other 
Terrapene,  suggesting  that  T. 
coahuila  is  more  primitive  in  this 
respect  than  T.  Carolina  or  T.  ornata 
(which  completely  or  virtually  lack 
the  bursae),  and  that  its  actual 
generic  status  is  open  to  question. 
In  like  manner  the  generic  status  of 
T .  nelsoni  and  T.  klauberi  will  bear 
review  in  light  of  the  structure  of 
the  cloacal  bursae  in  these  species. 

Coleonyx  brevis  Stejneger.  The 
range  of  this  species  as  plotted  by 
Klauber  (1945,  p.  214)  shows  a  large 
gap  in  distribution  through  the 


western  two-thirds  of  Coahuila  and 
in  northeastern  Durango.  A  record 
from  2  mi.  N.,  6  mi.  E.  of  Camargo, 
Chihuahua  (Chrapliwy  and  Fugler, 
1955,  p.  123),  has  shown  that  this 
area  should  undoubtedly  be  included 
in  the  range.  Substantiation  is  pro¬ 
vided  by  11  specimens  from  15.8  mi. 
E.  of  Matamoros,  14.1  mi.  E.  of 
Paila,  and  6.7  mi.  E.  of  San  Pedro, 
Coahuila;  1.2-22.2  mi.  S.  of  Tlahu- 
alilo  and  5.1  mi.  N.W.  of  Bermejillo, 
Durango.  All  were  collected  at  night 
along  the  road,  except  for  one  found 
at  night  within  an  area  of  sand 
dunes. 

Holbrookia  maculata  b  u  n  k  e  ri 
Smith.  Seven,  Samalayuca  dunes 
region,  Chihuahua.  The  series  con¬ 
tains  two  juvenile  males  with  dorsal 
surface  of  body  gray ;  dorsal  surface 
of  limbs  and  tail  a  distinctive  shade 
lighter;  two  ventrolateral  slashes 
slanting  posteroventrally ;  dorsal 
light  spots  not  nearly  so  prevalent 
as  in  adult  males;  total  length  (all 
measurements  in  mm.)  62,  54;  tail 
31,  27 ;  hindleg  (from  groin  to  tip 
of  4th  toe)  24,  21;  supralabials  6/6, 
6/6;  infralabials  9/9,  9/9;  head  re¬ 
latively  large  as  compared  with 
adults. 

II olbrookia  mac u lata  dicker sonae 
Schmidt.  Two,  4.8  mi.  and  5.7  mi. 
W.  of  Cuatro  Cienegas,  Coahuila, 
represent  northern  range  extensions. 
One,  10.4  mi.  S.E.  of  Zavalza,  Chi¬ 
huahua,  in  Durango,  represents  a 
western  range  extension  in  the  north¬ 
ern  extremity  of  the  range. 

Crotaphytus  collaris  baileyi  Stej¬ 
neger.  A  juvenile,  11  mi.  X.  of 
Zapata  (jet.  highways  106-60), 
Coahuila,  represents  the  southern¬ 
most  record  in  this  state. 
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Ventral  surface  immaculately 
white  except  for  faint  traces  of  gray 
in  gular  region ;  dorsal  surface  of 
head  brown ;  brown  spots  on  white 
in  lateral  region ;  black  blotches 
forming  transverse  lines  on  entire 
body  and  tail  posterior  to  region 
just  in  front  of  shoulder,  interspaced 
by  pink  blotches  formed  in  nearly 
the  same  manner ;  pink  blotches  nar¬ 
rower  and  becoming  white  posterior¬ 
ly,  fading  out  completely  on  tail ; 
legs  gray,  brown,  and  white,  with  no 
definite  pattern  on  hindlegs,  but 
tendency  to  form  bars  on  forelegs. 
Total  length  110  mm.,  snout-vent 
37  mm. 

Garni) elia  wislizeni  wislizeni  (Baird 
and  Girard).  Nine,  all  from  areas 
of  sand  dunes,  represent  southward 
range  extensions:  0.7  mi.  E.  of  Car¬ 
rillo,  Chihuahua;  13.5  mi.  S.  of 
Tlahualilo  and  5.8  mi.  N.N.E.  of 
Bermejillo,  Durango  (state  record)  ; 
7  mi.  E.  of  Matamoros  and  6  mi. 
S.E.  of  San  Pedro,  Coahuila.  Others 
were  taken  6.8  mi.  S.  of  Samalayuca 
(dunes),  and  8  and  9  mi.  N.  of  Villa 
Ahumada,  Chihuahua. 

Phry  nosoma  modestum  Girard. 
One,  30  mi.  S.E.  of  Sombrerete, 
Zacatacas,  represents  a  westward 
range  extension  in  the  state  and  also 
a  westernmost  record  in  the  southern 
extremity  of  the  range. 

Sceloporus  grammicus  disparilis 
Stejneger.  Three,  8.1  mi.  N.E.  of 
El  Salto,  Durango,  beneath  bark  of 
dead  logs,  inactive  due  to  cool,  wet 
weather. 

Sceloporus  magister  bimaculosus 
Phelan  and  Brattstrom.  Three,  9  mi. 
N.  of  Villa  Ahumada  and  0.7  mi.  E. 
of  Carrillo,  Chihuahua ;  and  3.6  mi. 
W.  of  Matamoros,  Coahuila. 


Sceloporus  maculosus  Smith.  Four, 
the  only  ones  recorded  from  a  local¬ 
ity  distant  from  the  type  locality 
near  Pedriceha,  Durango,  are  from 
11  mi.  N.  of  Zapata  (jet.  highways 
106-60),  Coahuila  (state  record). 
They  agree  in  all  details  with  topo- 
types,  having  no  postrostrals,  a  post- 
femoral  dermal  pocket,  no  enlarged 
postanals  in  males;  dorsals  49,  52 
(2),  54;  femoral  pore  series  in  con¬ 
tact  medially  or  separated  by  1  or 
2  scales;  femoral  pores  18/19,  21/19, 
21/20,  19/19. 

Sceloporus  merriami  australis 
subsp.  nov. 

Holotype.  Univ.  Ill.  Mus.  Nat.  Hist. 
43319,  15.6  mi.  E.  of  Cuatro  Cienegas, 
Coahuila,  July  9,  1958,  P.  S.  Chrapliwy 
and  K.  L.  Williams.  Paratypes.  Thirty- 
two,  including  10  topotypes  (UIMNH 
43311-8,  43320-1);  UIMNH  43307-10,  23.8 
mi.  S.E.  of  Hacienda  Guadelupe,  Coah.; 
UIMNH  46945-55,  5.7  mi.  W.  of  Cuatro 
Cienegas,  Coah.;  UIMNH  46956-7,  29  mi. 
W.  of  Cuatro  Cienegas,  Coah.;  Chicago 
Nat.  Hist.  Mus.  (CNHM)  47149-80, 
Cuatro  Cienegas,  Coah.  Hypoparatypes. 
Five:  CNHM  1544(3),  Jaral,  Coahuila, 
Heller  and  Barbour,  1904;  CNHM  44318, 
30  mi.  S.W.  of  San  Pedro,  Coah.,  at  pass 
from  San  Pedro  Plain  to  Las  Delicias 
road,  K.  P.  Schmidt  et  al.,  Aug.  20,  1946; 
and  CNHM  46113,  spring  at  Las  Delicias, 
C.  M.  Bogert,  Aug.  19,  1946.  These 
specimens  are  considered  hypoparatypes 
because  the  locality  data  are  open  to 
question  (Jaral),  or  the  locality  repre¬ 
sented  is  so  far  from  others  for  the 
subspecies  that  with  larger  series  a  still 
different  geographic  race  may  be  dis¬ 
cernible. 

Range.  The  only  localities  known  for 
subsp.  australis  are  in  central  Coahuila 
near  Cuatro  Cienegas,  and  in  south¬ 
western  Coahuila  near  San  Pedro.  8.  m. 
merriami  is  known  from  no  nearer  than 
northern  Coahuila  in  the  Carmen  Mts., 
and  S.  m.  annulatus  is  restricted  to  the 
Big  Bend  of  Texas. 

Diagnosis.  A  member  of  the  species 
Sceloporus  merriami ,  differing  from  the 
other  races  in  having  usually  (91%  in 
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68)  smooth  head  scales  (like  merriami) , 
tail  bands  evident  ventrally  (like  an- 
nulatus),  anterior  half  of  frontal  usually 
(81%  in  67)  entire  (24%  in  147  an- 
nulatus ,  96%  in  73  merriami),  labio- 
mentals  usually  (90%  in  132)  separated 
from  1st  labial  (5%  in  merriami ,  93% 
in  99  annulatus ) ;  dorsal  scales  from 
occiput  to  base  of  tail  usually  (74%  in 
65)  50  or  fewer  (21%  in  114  annulatus , 
0%  in  55  merriami) ;  gular  bars  usually 
separate  posteriorly  and  usually  poorly 
defined  anteriorly  (usually  fused  pos¬ 
teriorly  in  merriami,  well  defined  an¬ 
teriorly  in  annulatus) . 

Description  of  holotype.  Male,  snout- 
vent  44  mm.,  tail  60  mm.;  anterior  half 
of  frontal  entire;  frontoparietals  1-1, 
separated  by  contact  of  frontal  and 
interparietal;  median  frontonasal  in 
contact  with  frontal;  head  scales  smooth 
except  for  marginal  pits;  labiomentals 
separated  from  1st  infralabial  on  each 
side,  but  contacting  anterior  chinshield 
on  one  side;  49  dorsals  from  occiput  to 
base  of  tail;  femoral  pores  26-27,  the 
two  series  separated  medially  by  1 
scale;  lateral  belly  marks  not  extending 
onto  hind  legs  or  chest,  separated  medi¬ 
ally  by  at  least  3  scales;  blue  gular 
marks  weakly  evident  anteriorly  and 
laterally  well-defined  but  separate  pos- 
teromedially ;  dark  rings  on  tail  clearly 
evident  ventrally. 

The  three  subspecies  of  8.  merri¬ 
ami  are  contrasted  in  the  diagnosis 
of  australis.  Clearly  the  closest  rela¬ 
tive  of  australis  is  annulatus ,  differ¬ 
ing  primarily  in  smoothness  of  head 
scales,  size  of  dorsals  and  division  of 
anterior  section  of  frontal. 

Sceloporus  ornatus  caeruleus 
Smith.  Three,  11  mi.  N.,  27.7  mi. 
E.  of  Zapata;  six,  11  mi.  N.  of 
Zapata;  and  three,  23.8  mi.  S.E.  of 
Hda.  Guadelupe,  all  in  Coahuila, 
add  several  localities  to  a  subspecies 
previously  known  only  from  the  type 
locality  (5  mi.  S.  of  San  Pedro, 
Coahuila)  ;  26  mi.  S.W.  of  San  Pedro 
(Chrapliwy  and  Fugler,  1955)  ;  and 
4  mi.  N.,  21  mi.  W.  of  Cuatro 
Cienegas,  Coahuila  (Chrapliwy, 
1956,  p.  123). 


Sceloporus  torquatus  melanogas- 
ter  Cope.  One,  30.1  mi.  S.E.  of  Som- 
brerete,  Zacatecas,  is  from  near  the 
western  edge  of  the  known  range  for 
this  subspecies. 

TJta  stansburiana  stejnegeri 
Schmidt.  Seven,  3  mi.  S.W.  of  Hipo- 
lito,  Coahuila,  from  near  eastward 
edge  of  range  in  Mexico. 

Scincella  laterale  (Say).  Nine,  5.7 
mi.  W.  of  Cuatro  Cienegas,  Coahuila, 
represent  a  new  locality  for  a  lizard 
of  which  there  are  few  records  from 
Mexico.  Found  in  late  afternoon  in 
short  grass  surrounding  a  pond. 

Cnemidophorus  sacki  exsanguis 
Lowe.  Two  (44660-1)  from  near 
Ricardo  Flores  Magon,  Chihuahua, 
fit  Lowe’s  (1956,  p.  138)  diagnosis 
in  the  following  characters :  snout- 
vent  less  than  100  (81  mm.,  72  mm.)  ; 
six  distinct  light  longitudinal  stripes ; 
circumorbital  scales  not  extending 
forward  of  frontoparietal  midpoints ; 
occiput-rump  scale  counts  177  and 
159;  around  body  scale  counts  (ex¬ 
cluding  ventrals,  and  counted  at  a 
point  approximately  midway  be¬ 
tween  fore  and  hindlegs)  66  and  67. 

However,  one  of  the  specimens 
does  not  possess  light  colored  spots 
in  the  dark  fields  between  stripes; 
also  a  series  of  this  subspecies  col¬ 
lected  in  southeastern  Arizona  in  the 
summer  of  1957  shows  a  range  from 
complete  absence  of  spots  to  typical 
specimens  as  described  by  Lowe.  No 
sexual  correlation  was  found  in  pres¬ 
ence  or  absence  of  spots.  Further 
studies  on  this  group  of  Cnemido¬ 
phorus  are  in  progress. 

Cnemidophorus  tesselatus  (Say). 
Three  (43746-48,  pis.  1,  2),  1  mi. 
E.  of  La  Cruz,  Chihuahua,  represent 
the  first  record  of  this  whiptail  from 
Mexico,  although  there  lias  been  lit- 
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Fig.  1. — Dorsal  views  of  Cnemiclophorus .  Top  left  three,  C.  tigris  marmoratus ; 
top  right  three,  C.  tesselatus ;  bottom  left  four,  C.  tigris  pulcher;  bottom  right  four, 
C.  tigris  variolosus. 


Mexican  Turtles  and  Lizards 


41 


Fig.  2. — Ventral  views  of  Cnemidophorus.  Top  left  three,  C.  tigris  marmoratus ; 
top  right  three,  G.  tesselatus ;  bottom  left  four,  C.  tigris  pulcher ;  bottom  right  four, 
C.  tigris  variolosus. 
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tie  doubt  that  it  occurred  there.  The 
range  extension  is,  however,  unex¬ 
pectedly  large :  La  Cruz  is  approxi¬ 
mately  275  miles  south  of  El  Paso, 
Texas,  the  nearest  U.  S.  locality  of 
record. 

The  identity  of  these  specimens 
was  established  on  the  following 
data :  no  spots  on  ventral  surface ; 
dorsal  pattern  quite  distinct,  in  con¬ 
trast  to  a  mottled  or  broken  pattern 
in  Cnemidophorus  tigris  marmora- 
tus;  scales  anterior  to  gular  fold 
enlarged ;  postantebranchials  not  en¬ 
larged.  Snout-vent  (in  mm.)  74,  76, 
and  87. 

These  lizards  were  collected  along 
the  Rio  Florida  in  a  vegetation  con¬ 
sisting  of  willows,  cottonwoods  and 
fairly  heavy  undergrowth. 

Cnemidophorus  tigris  marmoratus 
Baird  and  Girard.  Forty-seven 
(43842-88,  pis.  1-2)  from  the  follow¬ 
ing  localities  in  Chihuahua :  3.9  mi. 
S.,  9.5  mi.  S.,  6.8  mi.  S.  of  Samalay- 
uca;  9  mi.  N.,  and  8  mi.  N.  of  Villa 
Aliumada ;  4.8  mi.  N.  of  Moctezuma ; 
4.6  mi.  N.  of  La  Cruz;  and  1  mi.  E. 
of  La  Cruz.  Throat  and  chest  with 
small  black  spots  scattered  on  a 
white  background ;  belly,  ventral 
side  of  hind  legs  and  tail  white ; 
dorsal  pattern  forming  lines  or 
broken  lines  in  the  dorsolateral  areas ; 
most  of  dorsal  area  fairly  light  in 
color,  but  with  some  dark  back¬ 
ground  ;  white  bars  in  lateral  areas 
of  some  specimens;  frenocular  gen¬ 
erally  present ;  circumorbital  scales 
usually  to  anterior  half  of  frontal. 

Zweifel  (1959)  adequately  dis¬ 
cussed  the  range  of  this  lizard.  The 
La  Cruz  locality  is  a  slight  south¬ 
ward  range  extension  for  the  state 
of  Chihuahua. 


Cnemidophorus  tigris  variolosus 
Cope.  The  name  variolosus  was  re¬ 
vived  by  Zweifel  (1959)  for  a  very 
distinct  group  of  tigris  from  south¬ 
ern  Coahuila,  northeastern  Durango 
and  very  probably  extreme  south¬ 
eastern  Chihuahua  (cf.  Zweifel,  p. 
98,  map). 

The  localities  for  the  seventy -nine 
specimens  (43763-841)  present  in 
our  series  are  so  near  Zweifel ’s  rec¬ 
ords  we  do  not  here  cite  them.  To 
his  account  we  can  add  a  description 
of  the  juvenile  stage :  dorsal  ground 
color  dark  with  tiny  reticulating 
white  lines,  except  for  light  bluish- 
gray  on  tail ;  head  uniform  bluish- 
gray  ;  basal  surface  of  tail  and 
throat  white ;  faint  traces  of  dark 
lines  on  extreme  lateral  edges  of 
throat ;  belly  and  chest  very  light 
blue ;  circumorbital  scales  to  poster¬ 
ior  edge  of  frontal ;  frenocular  pres¬ 
ent;  femoral  pores  22/23,  separated 
by  3  scale  rows;  supraocular  scales 
4/4;  supralabials  5/5;  infralabials 
6/6;  snout-vent  length  46  mm.;  tail 
118  mm. 

The  above  lizards  were  collected 
in  areas  of  sand  dunes  and  also 
typical  desert  of  the  area  (creosote 
bush  and  mesquite  being  the  major 
forms  of  vegetation).  TJma  exsul  was 
the  chief  lizard  in  association  in  the 
dune  areas ;  others  were  Coleonyx 
brevis,  Uta  stansburiana  stejnegeri 
and  Gambelia  wislizeni  wislizeni. 
These,  excluding  TJma  and  Gambelia, 
were  also  the  conspicuous  lizards 
found  in  association  in  the  ‘ 'typical 
desert”  areas.  The  locality  11  mi. 
N.  of  Zapata  is  a  small  canyon  en¬ 
closed  on  three  sides,  with  numerous 
mesquite  shrubs;  here  Holbrookia 
texana  scitula  was  found  in  associa- 
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tion  with.  C.  t.  variolosus  while 
Sceloporus  maculosus  and  Crotaphy- 
tus  collar  is  bailey  i  were  found  on 
adjacent  slopes. 

The  major  activity  of  this  lizard 
seems  to  come  in  the  morning  hours 
until  approximately  11 :00  a.m. ; 
however,  examples  were  collected 
during  all  periods  of  the  day  except 
in  early  evening  before  sunset.  In 
areas  where  Uma  exsul  were  col¬ 
lected  until  dark,  G.  t.  variolosus 
had  disappeared  nearly  one  and  one- 
half  to  two  hours  earlier.  They  seem 
to  be  less  wary  when  active  than  the 
two  adjacent  western  and  northern 
subspecies  ( pulcher  subsp.  nov.  and 
marmoratus) . 

Cnemidophorus  tigris  pulcher 

subsp.  nov. 

Holotype.  Adult  male,  UIMNH  43762, 
Pete  S.  Chrapliwy  and  Kenneth  L.  Wil¬ 
liams,  1.2  mi.  N.W.  of  Carrillo,  Chihua¬ 
hua,  Mexico,  Aug.  1,  1958.  Paratypes. 
Thirteen,  all  from  Chihuahua;  two 
(43749-43761)  topotypes;  five  from  0.7 
mi.  E.  of  Carrillo;  one,  19.2  mi.  N.E.  of 
Escalon;  four,  17.9  mi.  N.E.  of  Escalon; 
one,  14.2  mi.  N.E.  of  Escalon.  Paratypes 
collected  on  same  date  by  same  per¬ 
sonnel. 

Diagnosis.  Throat  and  chest  black, 
but  with  black  being  broken  up  by  diag¬ 
onal  white  or  bluish-white  lines  in  gular 
region  (Fig.  2);  dorsal  surface  lacking 
stripes  and  often  with  excessive  black 
pigment  on  anterior  half  or  entire  dor¬ 
sal  body  region;  black,  light-brown  and 
white  dorsal  reticulations  relatively 
larger  than  in  subsp.  variolosus;  fre- 
nocular  generally  lacking  or  if  present 
not  touching  subocular;  circumorbital 
scales  extending  to  anterior  half  of 
frontal;  scales  around  body  (excluding 
enlarged  ventrals)  86-97,  mean  89.9; 
juvenile  with  distinct  black  and  white 
gular  markings  (Fig.  2). 

Description  of  holotype.  Adult  male, 
snout-vent  91  mm.,  tail  225  mm.;  ex¬ 
tended  right  hind  leg  measured  from 
groin  to  base  of  nail  on  4th  toe  67  mm.; 
femoral  pores  23/22,  series  separated  by 


3  scales;  no  frenocular;  supralabials 
5/5;  infralabials  6/6;  supraoculars  4/4; 
circumorbital  granules  to  anterior  half 
of  frontal;  a  single  interparietal  bor¬ 
dered  posteriorly  by  2  enlarged  scale 
rows;  8  longitudinal  rows  of  ventrals; 
93  scales  around  body  (excluding  ven¬ 
trals),  188  from  occiput  to  base  of  tail; 
three  enlarged  preanals;  scales  on  dorsal 
and  lateral  surfaces  of  tail  heavily 
keeled,  with  lateral  ones  slanting  slight¬ 
ly  posteroventrally. 

Coloration  (dorsal  region)  :  top  of 
head  brown  with  black  blotches;  dorsal 
and  lateral  regions  of  body  with  a  series 
of  light  brown  and  black  irregular  nar¬ 
row  bars  or  blotches,  the  bars  mainly 
in  the  lateral  regions  and  the  blotches 
in  the  middorsal  region;  anterior  quar¬ 
ter  of  tail  heavily  flecked  with  black  on 
a  light  ground  color,  posterior  three- 
quarters  a  yellowish-brown;  forelegs 
nearly  black  with  a  few  small  light 
brown  spots;  hind  legs  with  numerous 
light  spots  on  a  dark  ground  color. 

Ventral  region:  gular  region  black 
with  white  or  bluish  white  mottling, 
the  black  occupying  most  of  the  area; 
chest  and  forelegs  covered  by  scales 
black  on  anterior  edge  and  white  or 
bluish-white  on  posterior  three-quarters; 
belly  and  hind  legs  white  with  many 
scattered  black  markings;  belly  with 
faint  pinkish  cast  (in  life);  anterior 
fourth  of  tail  white  with  black  mark¬ 
ings,  next  fourth  uniform  grayish-white, 
and  posterior  half  uniform  dark  brown. 

Variation.  Very  little  variation  oc¬ 
curs  in  supralabials,  infralabials  and 
supraoculars;  enlarged  scale  rows  pos¬ 
terior  to  interparietals  2-3,  with  only 
three  specimens  having  3  rows;  scales 
between  femoral  pore  rows  2-3  (10/14 
having  2)  ;  femoral  pores  (both  sides) 
41-50,  mean  44.4;  scales  around  body 
(excluding  enlarged  ventrals)  86-97, 
mean  89.9;  scales  occiput-rump  178-197, 
mean  185.7;  frenocular  scale  completely 
lacking  in  nine  specimens,  reduced  or 
complete  only  on  one  side  in  remaining 
five;  maximum  total  length  385  mm., 
minimum  166  mm.  (juvenile)  ;  max. 
snout-vent  99  mm.,  min.  42  mm.  (juve¬ 
nile). 

Top  of  head  usually  dark  brown  with 
traces  of  black;  lateral  and  dorsal  areas 
of  anterior  half  of  body  heavily  impreg¬ 
nated  with  black  (7  specimens),  but 
with  pattern  still  present,  or,  in  several 
specimens,  this  condition  extending  to 
and  including  hind  legs  (see  Figs.  1  and 
2  for  depiction  of  variation  in  pattern) ; 
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tail  uniform  yellowish-brown  in  most, 
a  few  specimens  having  black  marks 
scattered  throughout  the  brown. 

Gular  color  nearly  complete  black  in 
one  specimen  to  various  degrees  of  mot¬ 
tling  of  black  and  white  or  bluish-white 
in  others,  the  black  in  all  cases  occupy¬ 
ing  most  of  the  area;  chest  as  described 
for  type  to  a  complete  black  (in  one 
specimen)  ;  belly  from  a  nearly  uniform 
grayish-white  to  a  black  interspersed 
condition;  several  specimens  with  a 
pinkish  cast  in  belly  region;  tail  as  de¬ 
scribed  for  type  to  a  complete  uniform 
dark  brown. 

A  single  juvenile  showed  the  following- 
characters:  entire  dorsal  surface  dark 
(nearly  black),  interspersed  with  small, 
irregular  lines;  head  and  tail  without 
white  lines  but  dark  in  color;  gular 
region  with  black  mottling;  chest  and 
belly  flecked  with  black;  femoral  region 
of  hind  legs  speckled  with  dark  pigment; 
tibial  region  white;  ventral  surface  of 
tail  fairly  dark  in  color,  except  light 
anterior  sixth,  snout-vent  length  41  mm.; 
tail  128  mm.;  right  hind  leg  35  mm.; 
supralabials  6/6;  infralabials  7/7;  snpra- 
oculars  4/4;  circumorbitals  to  anterior 
half  of  frontal;  femoral  pores  41;  scales 
separating  femoral  pore  rows  3. 

Habits  and  Habitat.  These  lizards 
were  found  to  be  active  during  the 
morning  hours  (7:00  to  11:00  a.m.), 
but  not  enough  time  was  spent  in  the 
area  to  note  the  afternoon  or  early  eve¬ 
ning  activity.  It  seems  to  be  a  more 
wary  lizard  than  the  eastern  subspecies 
variolosus.  Lizards  of  this  subspecies 
were  found  in  low-lying  sand  dunes  and 
adjacent  areas  with  the  sparse  vegeta¬ 
tion  consisting  principally  of  creosote 
bush  and  mesquite.  Other  lizards  col¬ 
lected  in  association  were  Uta  stans- 
buriana  stejnegeri,  Uma  jmraphygas 
(Williams,  Chrapliwy,  and  Smith,  1959, 
p.  170),  Gambelia  ivislizeni  wislizeni, 
Sceloporus  undulatus  consobrinus,  and 
8.  magister  bimaculosus. 

Range.  Known  only  from  localities  of 
type  and  paratypes.  We  believe  that 
it  is  very  probably  restricted  to  the 
dunes  of  this  region,  which  according 
to  the  World  Aeronautical  Chart  stretch 
southward  some  30  miles  from  Carrillo, 
Chihuahua. 

Comparisons.  Maximum  snout- vent 
length:  marmoratus  95  mm.;  jmlcher 
99  mm.;  variolosus  98  mm.  Maximum 
tail  length:  marmoratus  235  mm.;  jml¬ 
cher  308  mm.;  variolosus  274  mm.  Ju¬ 
venile  measurements  (in  mm.):  mar¬ 


moratus ,  no  specimens;  variolosus,  s-v 
39,  tail  108;  pulcher,  s-v  41,  tail  128. 
Circumorbital  granules:  marmoratus, 
normally  half  distance  anteriorly  on 
frontal  scale;  jmlcher,  same  as  in  mar¬ 
moratus',  variolosus,  to  posterior  edge 
of  frontal  or  just  slightly  anterior.  En¬ 
larged  scales  behind  parietal;  marmora¬ 
tus,  in  one  distinctly  enlarged  row  with 
1-2  lesser  rows;  jmlcher,  usually  in  2 
more  or  less  uniformly  enlarged  rows, 
occasionally  3  rows;  variolosus,  same 
as  in  jmlcher.  Femoral  pores:  marmora¬ 
tus  39-48,  mean  42.8;  pulcher  41-50, 
mean  44.4;  variolosus  40-49,  mean  44. 
Scales  between  femoral  pore  rows: 
marmoratus,  3-6,  mean  4.5;  pulcher,  2-3, 
mean  2.3;  variolosus ,  3-5,  mean  4.2. 

Around  body  scale  counts  (excluding 
enlarged  ventrals)  :  marmoratus,  87-110, 
mean  100.2±1.1  (Zweifel,  1959,  p.  96); 
jmlcher  86-97,  mean  89.9;  variolosus 
86-109,  mean  98.5±1.0  (Zweifel). 

Dorsal  coloration:  marmoratus,  tail 
and  head  yellowish-brown,  remaining 
dorsal  surface  with  black  and  white 
reticulations  tending  to  form  a  broken- 
line  pattern  in  some  specimens;  pulcher, 
reticulating  black  and  white  markings 
not  forming  a  broken  line  pattern,  and 
with  a  brownish  cast  to  white  areas; 
heavy  impregnation  of  black  in  anterior 
half  of  dorsal  surface,  however  not  ob¬ 
literating  pattern;  posterior  dorsal  area 
with  a  darker  ground  color  than  in 
either  of  the  other  two  subspecies; 
variolosus,  yellowish-brown  ground  col¬ 
or,  with  black  and  white  reticulating 
lines  relatively  smaller  than  in  pulcher. 

Gular  region:  marmoratus,  white  with 
scattered  small  black  specks,  occasion¬ 
ally  uniform  white,  pulcher,  white  re¬ 
ticulating  markings  running  through  a 
black  ground  color;  variolosus,  black 
or  slaty.  Chest  coloration:  marmoratus, 
white  with  scattered  small  black  specks; 
jmlcher,  black;  variolosus,  black.  Belly 
coloration:  marmoratus ,  normally 
white;  jmlcher.  heavily  flecked  with 
black,  variolosus,  normally  heavily 
flecked  with  black,  may  be  solid  black 
in  anterior  region.  Coloration  ventral 
side  of  forelegs:  marmoratus,  white, 
or  slightly  flecked  with  black;  pulcher, 
black;  variolosus,  black.  Hind  legs 
(ventral  surface) :  marmoratus,  nor¬ 
mally  white;  jmlcher,  heavily  marked 
with  black;  variolosus,  heavily  marked 
with  black.  Tail  (ventral  surface): 
marmoratus,  white  with  black  or  bluish 
markings  on  posterior  half;  pulcher, 
except  for  light  colored  anterior  one- 
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sixth,  nearly  black;  variolosus,  heavily 

marked  with  black. 
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MOSQUITOES  COLLECTED  IN  THE  VICINITY  OF 
MARQUETTE,  MICHIGAN  DURING  THE 

SUMMER  OF  1959 


ROBERT  C.  WALLACE 
Reavis  High  School,  Oak  Laicn 


The  following  collection  of  adult 
female  mosquitoes  was  made  during 
the  summer  of  1959  in  and  around 
Marquette,  Michigan,  which  is  lo¬ 
cated  on  the  south  shore  of  Lake 
Superior  at  an  average  elevation  of 
about  700  feet  above  mean  sea  level. 
Marquette’s  average  annual  temper¬ 
ature  is  42.2°,  and  ranges  from  18.7° 
in  January  to  66.1°  in  July.  Normal 
precipitation  is  near  32  inches  and 
averages  slightly  over  3  inches  per 
month  during  the  growing  season 
(U.  S.  Weather  Bureau,  Marquette). 

This  random  collection  was  made 
by  the  author  while  attending  a  sum¬ 
mer  institute  held  at  Northern  Mich¬ 
igan  College  and  sponsored  by  the 
National  Science  Foundation.  The 
accompanying  checklist  is  based  on 
295  adult  specimens  representing  17 
species,  one  with  two  subspecies,  col¬ 
lected  during  day  and  night  biting 
tests.  Aedes  atropalpus  Coquillett, 
Aedes  canadensis  mathesoni  Middle- 
kauff,  and  Aedes  trivittatus  Coquil¬ 
lett  are  reported  from  Michigan  for 
the  first  time.  The  collection  is  de¬ 


posited  at  Reavis  High  School,  Oak 
Lawn,  Illinois. 
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Table  1. — Number  of  specimens  and  date  collected. 
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1  Night  biting. 

-  Sugar  Loaf  Mt. 
::  Presque  Isle. 


ADDITIONAL  FISHER  RECORDS  FROM  ILLINOIS 

PAUL  W.  PARMALEE 

Illinois  State  Museum,  Springfield 


Prior  to  the  recent  recovery  of  a 
complete  mandible  and  anterior  skull 
section  of  the  fisher,  Maries  pen- 
nanti,  at  the  Cahokia  Site  in  Madison 
County  (Parmalee,  1958),  this 
mustelid  was  known  to  have  oc¬ 
curred  only  in  extreme  northern  Illi¬ 
nois  (Ivennicott,  1855;  1859).  The 
Cahokia  Site  record  has  established 
the  prehistoric  range  of  this  species 
as  far  south  as  central  Illinois,  the 
animal  probably  being  restricted  to 
the  heavily  timbered  areas  along  the 
major  rivers. 

On  April  13,  1958,  Mr.  Dale  F. 
Holmgrain  of  Rock  Island  uncovered 
a  human  skeleton  in  the  Crawford 
Farm  Site  village  (Site  Survey  No. 
Ri  81).  This  historic  site  is  located 
on  the  south  bank  of  the  Rock  River 
approximately  1%  miles  east  of 
Milan,  Rock  Island  County,  and  was 
thought  to  have  been  occupied  be¬ 
tween  1790  and  1810  by  the  Sauk- 
Fox  tribes.  A  partially  complete 
skull  of  an  adult  fisher  was  found 
with  the  burial  and,  as  evidenced  by 
its  apparent  interment  with  the  In¬ 
dian,  the  skull  may  have  been  part 
of  a  medicine  bag  carried  by  this 
individual.  The  skull  was  only  mod¬ 
erately  well  preserved;  the  cranium, 
left  maxillary  and  zygomatic  were 
missing  (lost  during  excavation?) 
and,  although  the  incisors,  canines 
and  first  premolars  had  been  broken 
or  lost,  the  remaining  teeth  were 
intact.  Although  a  noteworthy  rec¬ 
ord  for  Illinois,  it  is  possible  that 


this  fisher  was  originally  killed  in 
Wisconsin  and  carried  with  the  In¬ 
dian  during  the  tribe’s  southward 
movement  into  Illinois. 

Mr.  Clarence  Claflin,  Hevworth, 
Illinois,  a  graduate  student  in  biology 
at  Illinois  State  Normal  University, 
Normal,  excavated  a  portion  of  a 
Middle  Mississippi  village  site  locat¬ 
ed  on  the  property  of  Mr.  Albert 
Kuhlman  from  September,  1958,  to 
August,  1959.  This  village  site  (Site 
Survey  No.  Csv  19)  is  situated  im¬ 
mediately  west  of  Clear  Lake  Slough 
in  the  NELL  of  the  NELt  of'  Sec.  33, 
R11W,  T19N,  Beardstown  Quadran¬ 
gle,  of  Cass  County ;  the  village  and 
associated  mounds  are  approximate¬ 
ly  six  miles  east  of  the  confluence  of 
the  Sangamon  and  Illinois  rivers. 

Several  refuse  pits  excavated  by 
Mr.  Claflin  contained  quantities  of 
fresh-water  mussel  shell  and  bone ; 
remains  of  the  whitetail  deer  were 
the  most  abundant  although  a  va¬ 
riety  of  species  such  as  raccoon, 
opossum,  beaver,  mink,  striped 
skunk,  elk,  marsh  rice  rat,  trumpeter 
swan,  turkey,  catfish,  fresh-water 
drum  and  pond  terrapin  were  also 
represented.  The  author  examined 
only  a  small  sample  of  the  faunal 
material  recovered  at  this  site ;  most 
of  the  determinations  listed  in  the 
thesis  (Claflin,  1959),  several  of 
which  are  highly  questionable,  were 
made  by  Mr.  Claflin. 

The  most  notable  find  was  the 
complete  right  half  of  the  lower 
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mandible  of  M.  pennanti;  premolars 
2,  3  and  4,  and  the  first  molar  were 
present,  and  judging  by  the  relative¬ 
ly  small  size  and  lack  of  cusp  wear, 
it  probably  represents  a  yearling 
animal.  Like  the  Cahokia  Site  speci¬ 
men,  this  jaw  had  not  been  worked 
or  altered  by  the  Indian,  thus  re¬ 
ducing  the  possibility  of  it  being  a 
bartered  item  from  another  region. 
This  Cass  County  record  is  of  sig¬ 
nificance  since  it  serves  to  more 
definitely  establish  the  former  range 
of  M.  pennanti  in  west-central  Illi¬ 
nois.  Probably  the  fisher  occurred  in 
limited  numbers  in  the  heavily 
wooded  flood  plain  areas  throughout 
the  Illinois  and  Mississippi  river 
valleys,  at  least  as  far  south  as  the 
St.  Louis  region. 


I  would  like  to  thank  Mr.  Claflin 
for  allowing  the  Illinois  State  Mu¬ 
seum  to  retain  this  fisher  jaw  in  the 
permanent  collections,  and  for  per¬ 
mission  to  publish  this  record. 
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SOME  SURFACE  CHARACTERISTICS  OF  HANSENULA 
YEASTS  AS  INDICATED  BY  SEDIMENTATION 
PATTERNS  IN  DILUTE  SALINE  SOLUTIONS 

L.  R.  HEDRICK 

Illinois  I?istitute  of  Technology,  Chicago 


This  paper  is  concerned  with  the 
various  sedimentation  patterns  ex¬ 
hibited  by  live  yeasts  in  dilute 
aqueous  saline  solutions.  These  sedi¬ 
mentation  patterns  are  very  sensi¬ 
tive  indicators  of  hydrophobic  or 
hydrophilic  surfaces  of  cells  whether 
these  are  due  to  inherited  tendencies 
or  to  growth  media  components. 
Different  species  or  strains  have 
characteristic  and  reproducible  sedi¬ 
mentation  patterns  if  the  growth  and 
test  conditions  are  carefully  con¬ 
trolled.  It  was  of  especial  interest 
to  determine  whether  there  was  a 
relationship  between  the  phylogeny 
of  the  Hansenula  yeasts  as  outlined 
by  Wickerham  (1951)  and  their 
sedimentation  patterns. 

Materials  and  Methods 

The  cells  were  usually  grown  in 
Wickerham ’s  synthetic  broth  as  sta¬ 
tionary  cultures  in  Dnbos  flasks  for 
48  hours  at  25°  C.  Prior  to  inocula¬ 
tion  into  these  flasks  the  cultures 
were  activated  by  twice  culturing 
them  for  48  hours  at  25°  C  in  tubes 
of  the  same  medium.  In  some  experi¬ 
ments  KN03  was  the  nitrogen  source 
instead  of  (NH4)2S04  in  the  syn¬ 
thetic  medium ;  in  other  experiments 
the  cells  were  cultured  in  Wicker¬ 
ham  ’s  YM  broth :  yeast  extract, 
0.3%  ;  malt  extract,  0.3%  ;  peptone, 
0.5%  ;  glucose  1%.  The  cells  were 
removed  from  the  growth  medium 


by  centrifugation.  Several  species 
formed  a  pellicle  on  the  liquid  sur¬ 
face.  The  cells  forming  the  pellicle 
returned  to  the  surface  in  the  cen¬ 
trifuge  tube  and  were  removed  from 
the  other  cells  by  decantations. 

The  sedimented  cells  were  washed 
three  times  in  distilled  water.  Wash¬ 
ed  cells  were  added  to  10  ml  of 
M/1500  bicarbonate  buffer  at  pH  7.0 
in  a  19  mm.  colorimeter  tube  until 
the  optical  density  attained  1.5  at 
620  y  in  a  Coleman  spectrophotom¬ 
eter.  The  stock  saline  solution  con¬ 
tained  192  mg.  of  C.P.  sodium  chlor¬ 
ide  dissolved  in  40  ml.  of  M/1500  bi¬ 
carbonate  buffer.  From  this  solution 
twofold  dilutions  were  prepared  and 
1  ml.  of  the  appropriate  dilution  was 
added  serially  to  a  set  of  13x100  mm. 
pyrex  tubes.  The  tubes  had  been 
cleaned  in  dichromate,  washed  with 
tap  water  at  least  12  times  and  in 
distilled  water  3  times.  One  experi¬ 
ment  was  performed  in  polyethylene 
tubes  whose  diameters  were  similar 
to  those  of  the  glass  tubes.  Then  0.2 
ml.  of  the  yeast  suspension  with  an 
optical  density  of  1.5  was  added  to 
each  of  these  tubes  and  to  the  con¬ 
trol  tube  which  contained  1  ml.  of 
the  bicarbonate  buffer.  The  final 
saline  concentration  in  the  tubes 
varied  from  16  to  4000  /xg  per  ml. 

The  tubes  were  shaken  vigorously 
and  the  cells  were  permitted  to  settle 
at  room  temperature  or  over  night 


Table  1. — Some  Characteristics  of  Hansenula  Yeasts  (after  Wickerham,  1951). 
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in  a  4°  C  refrigerator.  Prior  to  read¬ 
ing.  the  tubes  were  placed  in  a  35° 
C  water  bath  or  incubator  for  about 
15  minutes,  in  order  to  minimize 
differences  in  the  flowing  pellet  re¬ 
sponse  due  to  the  effect  of  temper¬ 
ature.  That  is,  results  obtained  when 
a  series  of  tubes  were  read  at  4°  G 
in  one  experiment  might  differ  from 
those  with  the  same  species  when  the 
tubes  were  read  at  37°  C.  The  types 
of  sedimentation  patterns  formed  at 
the  bottom  of  the  tubes  were:  (a) 
flowing  pellets — the  cells  flowed  over 
each  other  within  4  0  seconds  after 
the  tube  was  tilted  about  60  degrees 
from  the  vertical,  (b)  fixed  pellets 
the  cells  did  not  flow  after  the  tube 
was  inclined,  (c)  free  or  fixed  pellet 
surrounded  by  sedimented  cell  clus¬ 
ters,  and  (d)  a  shield — the  cells 
cover  the  bottom  of  the  tube.  With 
some  strains  a  ring  is  formed.  This 
is  an  intermediate  pattern  between 
the  fixed  pellet  and  shield. 

Most  of  the  yeasts  studied  were  of 
the  genus  Ilansenula  and  were  kind¬ 
ly  provided  by  Dr.  L.  J.  Wickerham 
of  the  Northern  Utilization  Branch 
of  the  U.  S.  Department  of  Agricul¬ 
ture  at  Peoria,  Illinois.  One  species 
has  not  been  described  and  will  be 
referred  to  by  number  only.  The 
names  of  these  with  their  strain 
numbers  and  some  of  their  char¬ 
acteristics  are  given  in  Table  1. 
Other  genera  and  species  were  from 
the  American  Type  Culture  Collec¬ 
tion  and  will  be  designated  by  their 
ATCC  numbers. 

Results 

In  Figure  1  the  sedimentation  pat¬ 
terns  as  viewed  from  the  bottom  of 
the  tubes  are  graphically  portrayed. 
The  yeasts  at  the  top  of  the  figure 


have  flowing  or  fixed  pellets,  those 

at  the  bottom  have  shields  and  the 

veasts  in  the  intermediate  location 
*/ 

have  a  combination  of  these  pattern 
types.  These  patterns  are  a  reflection 
of  the  relative  hydrophilic  or  hydro- 
phobic  characteristics  of  the  cells. 
That  is,  cells  that  form  shields  seek 
the  interface  and  strongly  impinge 
into  the  oil  phase  when  examined 
by  the  technique  of  Mudd  and  Mudd 
(1924)  against  an  oil-water  bound¬ 
ary.  Under  these  same  conditions 
pellet-forming  cells  remain  freely 
dispersed  in  the  aqueous  phase.  The 
minimum  salt  concentration  in  the 
tube  where  a  fixed  pellet  or  shield  is 
formed  may  serve  as  an  index  of  the 
hydrophobic  tendency  of  a  given 
strain. 

Thus,  Ilansenula  holstii  strain 
Y  2154  has  flowing  pellets  even  in 
2000  fig  saline  and  fixed  pellets  in 
higher  concentrations.  Ilansenula 
canadensis  strain  Y  1888  and  H. 
winegei  strain  Y  2340  have  flowing 
pellets  in  1000  yg/ml  of  saline  and 
fixed  pellets  in  stronger  saline  con¬ 
centrations.  Ilansenula  anomala  ex¬ 
treme  mat  strain  Y  1737  has  shields 
in  all  the  tubes,  including  the  con¬ 
trol.  Other  species  in  this  genus  have 
intermediate  saline  indices.  In  Fig¬ 
ure  1  all  the  strains  of  H.  anomala 
tested  were  grouped  together  al¬ 
though  some  of  them  may  have  a 
saline  index  higher  than  the  species 
presented  higher  in  the  figure.  Re¬ 
sults  similar  to  those  in  glass  were  ob¬ 
tained  in  polyethylene  tubes  for  H. 
holstii  Y  2154,  H.  any  us t a  Y  1798, 
H.  anomala  Y  365  and  Y  1737. 

The  medium  in  which  the  cells  are 
grown  influences  the  surface  char¬ 
acteristics  of  the  yeasts.  Cells  cul¬ 
tured  in  (NH4)2S04  as  the  nitrogen 
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Fig.  1.— Sedimentation  patterns  of  Hansenula  yeasts  in  varying  NaCl  concen¬ 
trations,  arranged  according  to  increasing  hydrophobicity.  Saline  concentration 
in  ^g./ml.  M/1500  bicarbonate  buffer  at  pH  7.0. 


source  were  always  more  hydro- 
phobic  than  cells  grown  in  either 
KNOs  or  peptone.  These  differences 
are  especially  prominent  in  H.  sub- 
pelliculosa  strain  Y  1822  (Fig.  2). 


With  one  exception,  H.  a  no  mala 
glistening  strain  Y  366,  cells  from 
populations  grown  in  broth  with 
peptone  or  IvNO..  as  the  nitrogen 
source  formed  the  same  type  of  pat- 
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INFLUENCE  OF  GROWTH  MEDIUM 
UPON  SEDIMENTATION  PATTERNS  OF  HANS ENULA* 
SALINE  DILUTIONS  ARE  IN  DISTILLED  WATER. 
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Figure  2. 


tern.  As  mentioned  above,  the  ter¬ 
minal  pHs  in  tlie  nitrate  broths  were 
higher  than,  but  of  the  same  order 
of  magnitude  as,  the  pHs  of  the 
peptone  medium ;  and  both  of  these 


values  were  much  higher  than  the 
terminal  pH  values  in  the  synthetic 
broth  with  (NH4)2S04.  The  cells 
used  in  these  experiments  had  been 
washed  three  times.  Therefore,  for  a 
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single  strain,  some  factor  in  the  re¬ 
spective  growth  medium  or  the  ter¬ 
minal  pH  produced  surface  differ¬ 
ences  in  the  cells  as  indicated  by  the 
different  sedimentation  patterns.  In 
the  peptone  medium,  some  colloidal 
component  may  have  coated  the  sur¬ 
faces  of  the  cells  and  rendered  them 
more  hydrophilic,  but  this  could  not 
have  been  a  contributing  factor  when 
nitrate  was  the  nitrogen  source. 

The  results  of  some  experiments  to 
determine  the  similarities  or  differ¬ 
ences  among  mating  types  of  spe¬ 
cies  are  given  in  Figure  3.  Mating 
type  strain  Y  2154,  which  is  more 
hydrophilic  than  any  other  strain 
tested,  is  considerably  more  hydro¬ 
philic  than  the  opposite  mating  type 
strain  Y  2155.  Their  hybrid  has  the 
characteristics  of  the  2155  parent. 


oo 

The  mating  type  strain  Y  2167  and 
its  counterpart  strain  Y  2168  and 
their  hybrid  all  gave  the  same  sedi¬ 
mentation  patterns. 

In  Figure  4  are  shown  the  patterns 
of  some  diploid  strains  and  their 
haploid  ascosporic  isolates.  For  H. 
angusta  strain  Y  2214  and  H.  sub - 
pellieulosa  strain  Y  1822  the  haploids 
are  much  more  hydrophobic  than  are 
the  diploids.  There  was  essentially 
no  difference  between  the  diploids 
or  haploids  for  H.  subpellicidosa 
strain  Y  1638  or  H.  wingei  strain 
Y  2340. 

The  effect  of  pH  upon  sedimenta¬ 
tion  patterns  has  been  determined 
for  a  few  species.  No  differences 
were  observed  for  H.  holstii  strain  Y 
2154  or  H.  anomala  strain  Y  1737 
for  pH  values  of  4.5,  5.3,  6.1.  7.3, 
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and  8.0  when  the  buffer  was  M/200 
phosphate.  Hansenula  angusta  strain 
Y  1798  cells  at  pH  8.0  formed  fixed 
pellets  in  the  tubes  with  saline  values 
of  less  than  125  fig  and  shields  in  the 
other  tubes.  The  patterns  for  the 
other  pH  values  are  as  given  in 
Figure  1.  The  formation  of  shields 
by  H.  subpelliculosa  strain  Y  1683 
at  pH  values  of  4.5  and  less  in  the 
absence  of  saline  was  reported  upon 
by  Chesbro  and  Hedrick  (1957). 

As  may  be  observed  in  Figure  5, 
some  species  of  yeasts  in  other  genera 
do  not  exhibit  any  such  responses 
to  differences  in  saline  concentration. 
Schizosaccharomyces  versatilis 
ATCC  strain  9987  and  Saccharo- 
myces  cerevisiae  ATCC  strain  7754 


formed  fixed  pellets  in  all  saline 
concentrations  and  in  the  control. 
Candida t  utilis  ATCC  strain  9950 
had  flowing  pellets  in  tubes  with 
saline  levels  of  250  fig  per/ml,  and 
less  and  fixed  pellets  or  a  ring  in  the 
higher  saline  concentrations.  Satel¬ 
lites  were  formed  in  tubes  of  a  saline 
level  of  125  yg  per/ml  and  above. 
Saccharomyces  carlsbergensis  ATCC 
strain  9080  produced  flowing  pellets 
up  through  125  yg  per/ml  of  saline 
and  fixed  pellets  in  the  stronger 
saline  concentrations.  Kloeckera 
brevis  ATCC  strain  9774  had  flow¬ 
ing  pellets  in  tubes  with  62  fig 
per/ml  and  less  of  saline  while  the 
other  tubes  had  pellets  surrounded 
by  cell  clusters  with  satellite  forma¬ 
tion. 
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Fig.  4. — Sedimentation  patterns  of  some  diploid  Hansenula  and  their  haploid 
ascosporic  isolates.  Saline  concentration  in  ug./ml.  M/1500  bicarbonate  buffer  at 
pH  7.0. 
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Fig.  5. — Sedimentation  patterns  of  some  other  yeasts.  Saline  concentration  in 
fig. /ml.  M/1500  bicarbonate  buffer  at  pH  7.0. 


Discussion 

The  sedimentation  patterns  have 
a  hi«h  degree  of  reproducibility 
either  when  considering  results  ob¬ 
tained  from  one  experiment  to  an¬ 
other  or  multiple  series  of  the  same 
experiment,  provided  that  the 
growth  and  experimental  conditions 
are  identical.  For  example,  in  one 
series  the  sedimentation  patterns  for 
II.  anejusta  strain  Y  1798,  a  species 
that  produces  all  the  types  of  sedi¬ 
mentation  patterns,  were  found  to 
be  identical  in  ten  replicate  tubes  of 
each  saline  concentration. 

It  should  be  emphasized  that  this 
sedimentation  response  to  the  low 
saline  concentrations  used  in  this 
studv  is  a  very  sensitive  tool  for 
detecting  slight  differences  in  the 
surface  characteristics  of  cells. 
Hodge  and  Metcalfe  (1958)  in  their 
studies  of  the  flocculation  of  Pasteur- 


ella  tularensis  with  methylcellulose 
found  that  at  least  5%  sodium  chlor¬ 
ide  was  required  in  the  stock  solu¬ 
tion  of  the  colloid  when  stored  at 
4°  C  to  prevent  hydration  of  the 
methylcellulose.  This  colloid-saline 
mixture  was  diluted  1 :9  with  a  cul¬ 
ture  of  the  bacteria.  With  saline 
percentages  of  5  or  higher  no  floc¬ 
culation  of  the  cells  occurred  but 
with  lesser  saline  concentrations  the 
colloid  had  become  sufficiently  hy¬ 
drated  to  cause  aggregation  and 
rapid  settling  of  the  cells.  At  5% 
or  higher  saline  concentrations  the 
combined  number  of  sodium  and 
chloride  ions  had  a  greater  affinity 
for  the  neighboring  solvent  water 
molecules  than  did  the  colloid  par¬ 
ticles,  hence  the  colloid  could  not 
become  sufficiently  hydrated  to  cause 
aggregation  of  the  bacterial  ('ells  by 
hydrogen  bonding. 
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In  the  present  study,  varying 
amounts  of  saline  have  been  em¬ 
ployed  to  determine  the  relative  de¬ 
grees  of  hydration  of  the  yeast  cells 
under  the  particular  conditions  of 
the  experiment.  In  many  instances 
saline  concentrations  of  only  a  few 
micrograms  per  ml  were  required  to 
demonstrate  differences  in  the  hydro¬ 
philic  tendencies  of  different  species 
or  strains  of  yeasts  or  within  the 
same  strain  when  grown  in  media 
with  differing  components. 

The  cellular  surfaces  of  strains 
that  form  shields  in  low  saline  levels 
contain  a  preponderance  of  nonpolar 
groups,  such  as — CH3  and  — C6  H-. 
Such  cells  have  weak  suspension  sta- 
bilitv  and  the  addition  of  small 

C' 

amounts  of  saline  removes  the  pro¬ 
tective  water  envelope,  thus  the  cells 
are  forced  out  of  suspension  by  sur¬ 
face  tension  factors. 

Cells  with  hydrophilic  surfaces 
have  a  preponderance  of  exposed 
polar  groups,  such  as  — Oil,  — NHo, 
-COO—,  — 0P03— ,  or  NH2.  Such 
cells  are  more  easily  hydrated  than 
cells  that  have  more  hydrophobic 
surfaces  (Lamanna  and  Mallette, 
1959).  Phosphomannans  (Slodki, 
Wickerham  and  Cadmus,  1960)  and 
other  surface  polysaccharides  are 
probably  major  contributing  factors 
to  this  affinity  for  adjacent  water 
molecules. 

In  an  attempt  to  discern  some  of 
the  reasons  for  the  types  of  sedimen¬ 
tation,  cells  from  the  various  tubes 
were  resuspended  and  examined  in  a 
hemacytometer  to  determine  the  de¬ 
gree  of  cellular  aggregation.  The 
number  of  cellular  units  (single 
cells,  cells  with  one  to  four  buds  or 
four  to  five  cells  in  linear  arrange¬ 
ment)  varied  with  the  size  of  the 


individual  cells,  but  the  range  was 
80  to  225  x  104  per/ml  for  the  yeasts 
without  aggregation.  Two  species 
had  a  large  number  of  clumps.  Han- 
senula  ciferrii  strain  Y  1031  had 
about  8  x  104  clumps  per/ml  and 
20  x  104  unclumped  cellular  units 
per/ml.  H.  anomala  extreme  mat 
strain  Y  1737  had  14  x  104  clumps 
and  45  x  104  unclumped  cell  units 
per/ml.  The  aggregations  of  strain 
Y  1737  were  growth  clusters  of  many 
cells,  but  those  of  H.  ciferrii  were 
not  growth  clusters  but  were  definite 
agglutinated  clumps.  Although 
many  of  the  ciferrii  cells  were  ag¬ 
gregated,  shields  were  formed  only 
in  the  tubes  with  4000  and  2000  /zg 
of  saline,  fixed  pellets  were  present 
in  tubes  with  125  /zg  or  less  of  saline 
and  between  these  two  extremes  were 
intermediate  types.  As  mentioned 
previously,  H.  anomala  strain  Y  1737 
produced  shields  in  all  the  tubes 
including  the  control. 

Two  more  observations  are  per¬ 
tinent  to  this  situation.  Hansemda 
anomala  strain  Y  365,  which  formed 
shields  in  all  saline  tubes,  except 
the  control,  had  no  clumps  in  any 
of  the  tubes.  Furthermore,  in  none 
of  the  yeast  suspensions  studied  were 
there  more  clumps  in  the  suspensions 
with  the  higher  saline  concentrations 
than  in  the  suspensions  with  no  sa¬ 
line.  Therefore,  aggregation  of  cells 
is  not  responsible  for  the  shields  or 
cell  clusters  in  tubes  with  different 
amounts  of  saline. 

The  cell  cluster  formation  or  the 
scattered  deposition  of  cells  around 
a  flowing  or  fixed  pellet  can  best  be 
explained  by  the  fact  that  there  are 
differences  in  hydrophobic  tendencies 
among  cells  of  a  population.  Ferlin 
and  Hedrick  (1958)  noted  that  some 
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cells  of  the  population  of  H.  schneg- 
gii  strain  Y  993  adsorbed  and  were 
clumped  with  methylene  blue  plus 
acid,  while  other  cells  were  clumped 
with  ferric  chloride  and  some  cells 
were  not  clumped  by  either  reagent. 

In  experiments  with  flat-bottomed 
tubes  the  cellular  suspension  that 
gave  pellets  in  tubes  with  curved 
bottoms  produced  a  uniform  settling. 
Therefore  pellet  formation  is  due  to 
the  gravitational  gradient  of  the 
curved  surface  of  the  tubes.  Cells  in 
fixed  pellets  have  less  affinity  for 
water  than  cells  in  flowing  pellets; 
hence,  those  cells  in  contact  with 
glass  or  plastic,  especially  those  at 
the  margin  of  the  pellets,  are  more 
firmly  adherent  to  the  surface  and 
are  fixed.  Suspensions  that  produce 
shields  represent  an  extension  of 
this  hypothesis  in  that  the  saline  ions 
successfully  compete  for  the  adjacent 
solvent  molecules,  and  cells  leave  the 
water  phase  and  form  shields  regard¬ 
less  of  whether  the  tubes  have  a  flat 
or  curved  bottom. 

A  few  observations  have  been 
made  on  the  effect  of  storage  of  cells 
in  the  bicarbonate  buffer  at  4°  C. 
Some  species,  namely  H.  calif ornica 
strain  Y  1680,  H.  holstii  strain  Y 
2154,  and  H.  minuta  strain  Y  411, 
became  more  hydrophobic  during  a 
six  weeks  storage  period.  For  ex¬ 
ample  in  Y  1680  the  saline  index  for 
flowing  pellets  was  reduced  from  125 
/xg  saline  per/ml.  to  less  than  16 
fig  per/ml ;  that  of  Y  2154  from 
2000  to  125  fig  per/ml.  and  Y  411 
formed  shields  in  all  the  tubes  in¬ 
cluding  the  control.  There  was  no 
change  in  the  pattern  on  storage  for 
some  yeasts  tested,  namely  H.  au¬ 
gust  a  strain  1798,  H.  anomala  strain 


Y  366,  and  H.  sp.  Y  2167,  Y  2168  or 
their  hybrid. 

From  the  preceding  presentation 
it  is  apparent  that  there  is  a  general 
but  not  a  strict  relationship  between 
sedimentation  patterns  and  the  phy¬ 
logenetic  origin  of  yeasts  in  the  genus 
Hansemda.  The  most  hydrophobic 
yeasts  are  exclusively  diploid,  some 
of  the  most  hydrophilic  are  exclusive¬ 
ly  haploid  and  two  entirely  haploid 
species,  H.  minuta  strain  Y  411  and 
H.  sp.  strains  Y  2167  and  Y  2168, 
are  intermediate  in  liydrophobicity. 
The  species  H.  canadensis  strain  Y 
1888,  a  diploid,  and  H.  wingei  strain 

Y  2340,  mostly  diploid,  although 
with  a  more  recent  evolutionary  his¬ 
tory,  have  become  physiologically 
less  active  as  a  consequence  of  their 
association  with  bark  beetles  of  conif¬ 
erous  trees  (Wickerliam,  1956). 
This  is  reflected  in  their  sedimenta¬ 
tion  patterns  which  indicates  that 
they  have  about  the  same  proportion 
of  surface  polar  groups  as  the  prim¬ 
itive  haploid  H.  holstii  strain  2154 
and  H.  capsulata  strain  Y  1889. 
Hansenula  silvicola  strain  Y  1678, 
mostly  haploid  and  intermediate  in 
phylogeny,  but  isolated  from  gums 
of  wild  cherry  trees,  is  just  as  hydro¬ 
philic  as  some  of  the  primitive  yeasts 
whose  habitat  is  the  conifer  trees. 

It  is  interesting  to  speculate  why 
forms  whose  natural  habitats  are 
the  conifer  trees  or  cherry  gum 
should  be  more  hydrophilic.  One 
suggestion  offered  by  Wickerham 
(1951)  is  that  the  capsular  material 
formed  by  these  species  may  be  a 
protective  agent  for  some  toxic  fac¬ 
tor  present  in  the  gummy  exudate 
of  the  trees,  the  protective  but  re¬ 
strictive  environment  of  these  yeasts. 
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Another  explanation  based  on  the 
present  study  is  that  the  hydrophilic 
surfaces  would  enable  the  cells  to 
compete  more  favorably  with  their 
environmental  colloids  for  water  and 
enable  the  cells  to  live  separately 
rather  than  flocculated  as  would  be 
true  if  their  surfaces  were  more 
hydrophobic.  Evidence  obtained  by 
Marilyn  Ivvetkas  (personal  commu¬ 
nication)  indicates  that  when  yeasts 
are  flocculated  in  a  culture  medium, 
there  is  a  cessation  of  growth  among 
the  cells.  Thus,  only  species  whose 
cells  were  hydrophilic  could  exist  in 
such  an  environment. 

As  mentioned  earlier  with  refer¬ 
ence  to  Figure  5,  cells  of  Schizosac- 
charomyces  versatilis  ATCC  strain 
9987  and  Saccharomyces  cerevisiae 
ATCC  strain  7754  had  only  fixed 
pellets  that  were  the  same  as  in  the 
control  irrespective  of  the  saline  con¬ 
centrations.  This  is  in  decided  con¬ 
trast  to  the  performance  of  any  of 
the  Hansenula  yeasts.  The  result 
obtained  with  the  Sckizosaccharo- 
myces  was  totally  unexpected  as  this 
species  forms  a  mycelium  in  addition 
to  arthrospores.  Candida  util  is 
ATCC  strain  9950,  Kloeckera  brevis 
ATCC  strain  9774,  and  Saccharo- 
myces  carlsbergensis  ATCC  strain 
9080  gave  sedimentation  patterns 
typical  of  the  intermediate  group  of 
Hansenula. 

Hansenula  is  remarkable  in  that 
the  various  species  exhibit  such  a 
wide  range  of  hydrophilic  and  hydro- 
phobic  tendencies.  In  general,  the 
more  hydrophilic  species  are  physio¬ 
logically  less  active.  These  require 
one  or  more  vitamins  (Furutani, 
Betz,  and  Hedrick,  1953)  and  fer¬ 
ment  either  none  of  the  sugars  or 
only  one  or  two  sugars  and  most  of 


them  do  not  produce  esters  (Wick- 
erham,  1951).  The  yeasts  that  are 
more  hydrophobic  ferment  several 
sugars,  do  not  require  added  vita¬ 
mins  and  many  of  them  produce 
esters.  In  fact,  the  species  of  the 
genus  present  a  variety  of  forms 
with  different  phylogenetic  origins 
and  with  a  variety  of  other  at¬ 
tributes  that  should  make  them  of 
interest  for  further  work  in  com¬ 
parative  genetical,  biochemical  and 
biophysical  investigations. 

Summary 

The  sedimentation  patterns  of 
flowing  pellets,  fixed  pellets,  and 
shields  formed  by  the  settling  of 
cells  in  varying  concentrations  of 
saline  have  been  shown  to  be  very 
sensitive  indicators  of  differences  in 
surface  characteristics  of  yeast  cells. 
The  different  species  of  Hansenula 
yeasts  form  an  array  of  sedimenta¬ 
tion  patterns  from  ones  that  are 
free  flowing  in  most  of  the  tubes, 
suggesting  very  hydrophilic  tenden¬ 
cies,  to  patterns  that  are  shields  in 
all  the  tubes,  indicating  extreme 
hydrophobic  characteristics.  These 
patterns  and  their  associated  surface 
attributes  have  been  discussed  in 
relation  to  phytogeny  within  the 
genus  Hansenula. 
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Introduction 

To  determine  whether  gonads 
from  frog  larvae  would  continue  to 
differentiate  in  vitro  the  watch  glass 
culture  method  of  Fell  and  Robison 
(1929)  was  employed.  Explants  of 
gonads  were  supported  by  strips  of 
rayon  acetate  fabric  (Shaffer,  1956) 
on  a  solid  medium  of  chick  embryo 
extract  and  chicken  plasma  or  on 
embryo  extract  and  agar  for  periods 
up  to  28  days  (Foote  and  Foote, 
1958a,).  It  was  reported  that  the 
cultured  gonads  showed  maintenance 
and  growth  of  non-germinal  cells 
and  of  immature  germ  cells,  but  that 
the  older  ovocytes  usually  degener¬ 
ated.  In  the  present  study  modifica¬ 
tions  of  the  original  methods  for 
cultivation  of  amphibian  gonads 
have  been  employed,  and  more  quan¬ 
titative  studies  made,  in  an  attempt 
to  clarify  some  aspects  of  the  growth 
pattern  and  morphological  changes 
which  occur  in  the  frog  ovary  grown 
in  organ  culture.  Some  cultures  were 
maintained  for  longer  periods  of 
time,  up  to  56  days,  and  some  were 
grown  directly  on  the  medium  in¬ 
stead  of  on  strips  of  rayon  acetate 
fabric. 

This  study  was  supported  by 
grants  from  the  Graduate  School, 
Southern  Illinois  University,  and 
the  U.  S.  Public  Health  Service  (RG- 
4910). 


Materials  and  Methods 

Ovaries  were  removed  from  larvae 
of  Rana  catesbeiana  and  maintained 
in  watch  glass  cultures  by  methods 
previously  described  (Foote  and 
Foote,  1958a).  The  culture  medium 
consisted  of  13  parts  reconstituted 
chicken  plasma,  4  parts  chick  em¬ 
bryo  extract  from  11 -day  embryos, 
2  parts  glass  distilled  water,  and  1 
part  penicillin  (100-200  units). 
Transfers  to  new  medium  were  made 
each  fifth  day.  Cultures  were  kept 
at  a  constant  temperature  of  21°  C. 
Explants  were  fixed  in  Zenker’s  solu¬ 
tion,  sectioned  at  7  y,  and  stained 
in  Harris’  hematoxylin  and  chromo- 
trope-2R. 

Comparisons  were  made  between 
ovarian  explants  maintained  for  10, 
28,  and  56  days  directly  on  the  me¬ 
dium  with  explants  supported  on 
rayon  strips  on  similar  medium  for 
equivalent  periods  of  time.  Numbers 
of  germ  cells,  in  varying  stages  of 
development  within  the  ovarian  ex¬ 
plants,  were  determined  by  project¬ 
ing  three  areas  from  different  sec¬ 
tions  of  each  explant  onto  a  grid 
equivalent  to  1  mm.  square,  divided 
into  areas  of  100  y.  Outline  drawings 
of  cells  superimposed  on  the  grid 
were  made  in  order  to  make  as  ac¬ 
curate  cell  counts  as  possible  and  to 
determine  the  approximate  size  of 
each  cell.  Mean  values  were  obtained 
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for  each  of  the  three  areas  of  each 
explant  and  cells  were  classified  into 
three  size  groups :  cells  larger  than 
100  /x  in  diameter,  cells  between  50- 
100  fx,  and  cells  less  than  50  /x.  Data 
were  then  treated  statistically  to  de¬ 
termine  comparative  number  of 
cells,  and  comparative  size  of  cells. 
Results  are  given  in  Table  1. 

Results 

Controls. 

Cell  types  closely  examined  from 
ovaries  of  intact  larvae  were  ovo- 
gonia,  ovocytes,  follicle  cells,  thecal 
cells,  and  stromal  cells. 

Ovogonia.  These  cells  were  found 
in  groups  of  two  to  eight  at  the 
periphery  of  the  ovary  near  the 
peritoneum.  They  were  spherical  in 
form  with  large  rounded  nuclei 
whose  chromatin  threads  were  in 
leptotene  or  zygotene  stages  of  pro¬ 
phase. 

Ovocytes.  The  largest  number  of 
germ  cells  in  ovaries  in  this  stage  of 
differentiation  were  ovocytes  of 
varying  sizes.  Most  of  these  cells 
were  between  50-100  fx  in  diameter, 
although  some  had  a  diameter  great¬ 
er  than  100  y.  None  reached  a  diam¬ 
eter  of  150  ix.  All  of  the  ovocytes  were 
in  pre-yolk  stages,  the  largest  attain¬ 
ing  a  stage  of  development  corre¬ 
sponding  to  stage  3  of  Duryee 
(1950),  and  Y0  of  Kemp  (1953). 
The  cytoplasm  of  these  cells  took  a 
basophilic  stain. 

Follicle  Cells.  These  cells  usually 
formed  a  single  layer  around  the 
ovocytes  at  this  stage  of  develop¬ 
ment,  but  in  some  instances  more 
than  a  single  layer  of  cells  was  pres¬ 
ent.  The  cells  were  somewhat  flat¬ 
tened,  with  oval  nuclei  which  ap¬ 
peared  granular. 


Thecal  and  Stromal  Cells.  Flat¬ 
tened  epithelial  cells  formed  the 
theca,  enclosing  loose  connective 
tissue  and  blood  vessels  between  it 
and  the  follicle  cells. 

Ovarian  Explants  Grown  Directly 
On  Medium. 

10  days  in  culture.  Explants  main¬ 
tained  directly  on  the  medium  for  10 
days  did  not  appear,  superficially 
at  least,  to  be  much  changed  from 
control  ovaries.  The  general  form  of 
the  explant  and  the  position  of  the 
cells  appeared  to  be  the  same  with 
no  great  amount  of  outgrowth.  How¬ 
ever,  cell  counts  and  detailed  ob¬ 
servations  showed  that  some  changes 
had  occurred.  The  major  alteration 
was  a  decrease  of  50%  in  total  num¬ 
ber  of  germ  cells.  Statistical  analysis 
indicated  that  there  had  been  a  sig¬ 
nificant  decrease  (84%)  in  number 
of  ovogonia  and  small  ovocytes 
(Table  1),  and  a  34%  decrease  in 
number  of  larger  ovocytes.  Some 
vacuolation  of  the  cytoplasm  was  ap¬ 
parent  in  larger  ovocytes  and  some 
of  these  had  shrunk  away  from  the 
surrounding  theca,  particularly  in 
those  the  greatest  distance  from  the 
medium.  Of  non-germinal  cells  the 
most  marked  changes  occurred  in 
follicle  cells.  The  nuclei  of  some  of 
these  cells  had  large  aggregates  of 
chromatin  and  the  form  of  the  cells 
changed  to  that  of  a  fibroblast-like 
cell.  Many  of  these  cells  were  un¬ 
dergoing  mitotic  divisions  and  in¬ 
creasing  in  number.  Thecal  cells  had 
the  same  appearance  as  those  of 
control  ovaries,  although  the  chro¬ 
matin  of  the  nuclei  of  some  appeared 
granular.  There  was  some  increase 
in  the  amount  of  stroma  due  appar¬ 
ently  to  a  shrinkage  of  the  larger 


Table  1. — Number  and  size  of  germ  cells  in  one  square  mm.  of  ovarian  tissue  maintained  in  culture. 
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ovocytes  together  with  their  invest¬ 
ing  follicular  cells. 

28  days  in  culture.  For  explants 
in  culture  for  28  days  one  of  the 
more  marked  changes  was  a  decrease 
in  overall  size.  This  was  apparently 
due  not  only  to  a  significant  loss  in 
number  of  germ  cells  (68%),  but 
also  to  a  decrease  in  size  of  the 
larger  ovocytes  (Table  1).  This  re¬ 
duction  in  size  of  these  ovocytes  ap¬ 
peared  to  be  the  result  of  a  loss  of 
cytoplasmic  material  from  the  cell, 
but  without  subsequent  necrosis.  As 
noted  in  Table  1  there  was  a  sig¬ 
nificant  decrease  in  number  of  germ 
cells  except  for  those  50-100  y  in 
diameter.  While  there  were  fewer  of 
these  than  in  controls  the  number 
was  equal  to  that  in  explants  from 
10  day  cultures.  However,  this  sta¬ 
bility  in  number  of  cells  of  this  size 
was  probably  a  reflection  of  the  re¬ 
duction  in  size  of  many  cells  which 
were  originally  over  100  y  in 
diameter. 

56  days  in  culture.  Only  an  oc¬ 
casional  ovocyte  could  be  identified 
in  explants  maintained  directly  on 
the  medium  for  56  days,  but  the  total 
mass  of  the  explant  was  approxi- 
mately  one-half  that  of  the  original 
explant.  It  was  spherical  in  shape 
and  composed  of  a  mass  of  cells  re¬ 
sembling  mesenchymal  connective 
tissue,  most  of  these  cells  being  of 
the  same  type  and  form.  There  were 
some  acidophilic  masses  indicating 
the  positions  of  degenerating  ovo¬ 
cytes. 

Ovarian  Explants  Grown  On  Rayon 
Strips. 

10  days  in  culture.  Explants  sup¬ 
ported  by  strips  of  rayon  on  the 
solid  medium  showed  more  marked 


changes  in  form  than  explants  placed 
directly  on  the  medium.  They  tended 
to  flatten  out,  thus  becoming  thinner 
and  showing  a  greater  surface  area. 
There  was  much  outgrowth  from  the 
explant,  particularly  on  the  side  ad¬ 
jacent  to  the  medium,  and  the  dis¬ 
persion  of  cells  contributed  to  its 
general  change  in  form.  Apparently 
more  cells  of  the  explant  were  able 
to  obtain  nutriment  from  the  me¬ 
dium  and  less  vacuolation  occurred 
in  the  larger  ovocytes.  The  decrease 
in  total  number  of  germ  cells  (49%) 
and  in  cells  under  50  y  in  diameter 
(82%)  was  almost  identical  with 
that  observed  in  explants  grown  di¬ 
rectly  on  the  medium,  while  ovocytes 
over  100  y  decreased  less  in  number. 
Non-germinal  cells  followed  the 
same  pattern  of  change  as  they  did 
in  the  case  of  explants  grown  di¬ 
rectly  on  the  medium. 

28  days  in  cult  lire.  While  there 
was  a  decrease  in  number  of  germ 
cells  between  10  and  28  days  (34%), 
this  decrease  was  less  than  in  ex¬ 
plants  maintained  directly  on  the 
medium  (68%).  The  loss  in  number 
of  cells  occurred  primarily  in  ovo¬ 
cytes  over  100  y  in  diameter  (77%). 
This  was  due  not  to  a  complete  de¬ 
generation  of  these  cells,  but  to  an 
apparent  loss  of  cytoplasm  which 
produced  an  increased  number  of 
germ  cells  in  the  50-100  y  diameter 
group.  Some  loss  (53%)  occurred 
in  the  group  of  germ  cells  less  than 
50  y  in  diameter. 

56  days  in  culture.  While  the  num¬ 
ber  of  germ  cells  decreased  markedly 
there  were  individual  large  ovocytes 
which  took  a  basophilic  stain.  The 
thickness  of  the  cellular  mass  was 
greater  than  in  the  original  explant 
and  covered  the  entire  strip  of  rayon 
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acetate.  The  thickening  of  the  mass 
was  due  to  a  tremendous  increase  in 
number  of  mesenchymal  type  cells. 
These  cells  did  not  have  the  appear¬ 
ance  of  any  of  the  cell  types  which 
could  be  identified  in  control  ovaries 
or  in  those  explants  in  culture  for 
shorter  periods  of  time.  These  cells 
more  nearly  approximated  the  form 
of  the  stromal  cells  of  the  control 
ovaries. 

Discussion 

This  stud}^  indicates  that  explants 
on  rayon  strips  in  culture  are  main¬ 
tained  in  better  condition  for  longer 
periods  of  time  than  are  those  grown 
directly  on  the  medium.  This  sup¬ 
ports  the  results  obtained  by  Shaffer 
(1956)  who  maintained  tissues  from 
chick  embryos  on  rayon  strips.  Cells 
of  explants  on  these  strips  have 
greater  freedom  to  produce  out¬ 
growths  and  as  the  surface  area  ex¬ 
pands  cells  are  brought  nearer  the 
medium  and  the  obtaining  of  nutri¬ 
ment  is  facilitated.  However,  the 
change  in  the  organ  is  sometimes  so 
extensive  that  the  original  form  of 
the  organ  is  lost.  Explants  directly 
on  the  medium  tend  to  round  up 
and  form  a  capsule  of  connective 
tissue  which  not  only  restricts  the 
outgrowth  of  cells  but  interferes 
with  exchanges  of  material  between 
explant  and  medium.  According  to 
Wolff  (1957)  such  encapsulation  is 
essential  for  the  maintenance  of  the 
structure  as  an  organ  in  culture. 

In  attempting  to  determine  the 
fate  of  cells  of  ovaries  maintained 
in  vitro  several  possibilities  may  be 
considered.  The  cells  could  continue 
to  differentiate,  or  maintain  them¬ 
selves  without  change,  or  dediffer¬ 


entiate,  or  degenerate  or  retrogress. 
For  each  of  these  possibilities  each 
specific  cell  type  must  be  considered. 
It  appears  that  few  ovogonia  con¬ 
tinue  their  process  of  ovogenesis 
through  the  prophase  stages.  While 
some  of  the  ovogonia  maintain  their 
characteristic  form  for  some  time 
there  is  eventually  a  great  decrease 
in  number  of  these  cells.  It  appears 
that  some  of  the  younger  germ  cells 
transform  into  fibroblast  or  mesen¬ 
chymal  type  cells,  but  some  no 
doubt  undergo  cytolysis  and  eventu¬ 
ally  degenerate.  Large  ovocytes  do 
gradually  decrease  in  size  and  finally 
disappear  as  definitely  formed  cells. 
This  gradual  decrease  in  cell  size 
seems  to  result  from  a  loss  of  cyto¬ 
plasmic  material  from  the  cell,  per¬ 
haps  being  withdrawn  by  the  follic¬ 
ular  cells  for  their  nourishment. 

It  is  felt  that  while  the  non-ger- 
minal  cells  do  not  retain  their  char¬ 
acteristic  form  indefinitely  there  is 
much  less  degeneration  among  these 
than  among  the  germ  cells.  The  fol¬ 
licle  cells  maintain  themselves  for  a 
time  and  increase  greatly  in  num¬ 
ber,  as  on  synthetic  media  (Foote 
and  Foote,  1958b),  but  eventually 
lose  their  characteristic  form.  The 
stromal  and  thecal  cells  maintain 
themselves  for  a  longer  period  of 
time  than  other  types  of  cells  but 
do  not  increase  in  number  as  exten¬ 
sively  as  follicle  cells.  Most  of  the 
non-germinal  cells  appear  to  assume 
the  form  of  mesenchyme-like  cells, 
and  it  is  suggested  that  some  germ 
cells  may  do  so,  also. 

Summary 

1.  Ovarian  explants  from  larvae  of 
Rana  catesbeiana  were  placed  in 
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organ  cultures,  either  directly  on 
a  solid  medium  or  supported  on 
the  medium  by  strips  of  rayon 
acetate  fabric. 

2.  Explants  were  kept  in  culture  for 
10,  28,  or  56  days. 

3.  In  all  explants  there  was  a  pro¬ 
gressive  decrease  in  number  of 
germ  cells  the  longer  they  re¬ 
mained  in  culture,  but  non-ger- 
minal  cells  increased  in  number. 

4.  Comparative  studies  indicate 
that  the  decrease  in  number  of 
germ  cells  was  less  extensive  in 
explants  supported  on  rayon 
strips  for  28  days. 

5.  A  possible  explanation  is  that 
explants  directly  on  the  medium 
rounded  up  and  encapsulated, 
while  those  on  rayon  strips  ex¬ 
panded  in  area  and  brought  cells 
nearer  the  medium. 

6.  Few  germ  cells  were  present  in 
explants  maintained  for  56  days 
in  culture  and  most  of  the  cells 
were  mesenchyme-like. 

7.  It  is  suggested  that  while  many 
germ  cells,  particularly  the  large 


ovocytes,  degenerate  some  ovo- 
gonia  and  small  ovocytes  trans¬ 
form  into  the  mesenchyme-like 
cells. 
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In  the  spring  of  1959  a  study  was 
conducted  on  the  distribution  of 
river  bircli  (Betula  nigra  L.)  in 
Cumberland  County,  an  area  of 
about  350  square  miles,  located  in 
the  southeastern  part,  of  Illinois.  The 
residual  soils  of  the  greater  part  of 
the  county  are  derived  from  parent 
materials  of  the  Illinoian  age,  and 
the  streams  draining  this  area  carry 
alluvial  deposits  low  in  minerals  and 
with  an  acid  reaction.  Two  soils  are 
described  for  this  alluvium  (Smith 
and  Smith,  1940;  Wasclier  et  al., 
1950)  ;  (1)  the  slight  to  medium  acid 
Sharon  silt  loam;  and  (2)  the  strong¬ 
ly  acid  Bonnie  silt  loam.  On  the 
steep  ravine  slopes,  the  medium  to 
strongly  acid  Hickory  gravelly  loam 

'  :  '  "  iOf  Vi) 

occurs.  p  : ; 

Near  the  northern  border  of  the 
county,  however,  the  soils  are  young¬ 
er,  since  they  are  derived  from  the 
more  recent  Wisconsin  glacial  till. 
Thus  the  Embarrass  River  and  sev¬ 
eral  of  its  major  tributaries,  flowing 
through  the  county  from  the  north 
to  the  south,  and  having  their  origins 
in  the  younger  soils,  carry  alluvium 
richer  in  minerals  and  with  a  neutral 
reaction.  The  soil  described  on  this 
alluvium  is  Huntsville  loam  (Smith 
and  Smith,  1940). 

At  all  streams  in  the  county  ac¬ 
cessible  by  road,  observations  were 
made  on  the  presence  or  absence  of 
river  birch.  Where  river  birch  was 
present,  notations  were  made  as  to 
size  of  trees  and  abundance  of  repro¬ 


duction.  At  selected  stations,  soil 
pH  was  measured  in  the  surface 
layer,  using  a  Soiltex  kit.  The  loca¬ 
tion  of  each  observation  is  mapped 
in  Figure  1,  with  solid  or  open  cir¬ 
cles  indicating  the  presence  or  ab¬ 
sence  of  river  birch. 

It  can  be  noted  from  Figure  1 
that  the  Embarrass  River,  as  well 
as  the  Muddy,  Hurricane,  and  Cot¬ 
tonwood  creeks,  drain  the  Wisconsin 
till,  and  the  soils  derived  from  their 
alluvium  in  the  north  and  central 
part  of  the  county  are  mapped  by 
Smith  and  Smith  (1940)  as  neutral 
Huntsville  loam.  In  southern  Cum¬ 
berland  County  the  tributaries  of 
both  the  Muddy  and  Cottonwood 
creeks  bring  in  more  acid  alluvium 
so  that  the  soils  developed  here  are 
mapped  as  the  medium  acid  Sharon 
silt  loam. 

It  is  apparent  from  Figure  1  that 
river  birch  is  common  along  many 
streams  with  more  acid  soils  which 
drain  exclusively  the  areas  of  Illi¬ 
noian  age,  but  is  absent  along 
streams  which  carry  predominantly 
the  more  alkaline  materials  from  the 
Wisconsin  moraine.  A  similar  asso¬ 
ciation  with  soil  pH  is  apparent 
when  its  natural  range  in  the  mid¬ 
west  as  a  whole  is  considered.  In 
Wisconsin,  Illinois,  Indiana,  and 
Ohio,  river  birch  is  reported  for 
counties  south  of  the  Wisconsin 
glacial  border  (Fassett,  1957  ;  Jones, 
1950;  Deam,  1940;  and  C.  L.  Weis- 
haupt,  personal  communication) 
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Fig.  1. — Locations  of  observations,  with  solid  and  open  circles  indicating  pres¬ 
ence  and  absence  of  river  birch.  Dashed  line  indicates  Wisconsin  glacial  border. 
Only  those  streams  which  give  rise  to  the  neutral  Huntsville  loam  are  emphasized. 


where  soils  are  older  and  inclined 
to  be  more  acid.  There  are  thirteen 
counties  north  of  the  glacial  border 
with  collections  of  this  species.  These 
are  in  Illinois  and  Indiana  just  south 
of  Lake  Michigan,  and  in  northeast¬ 
ern  Ohio.  The  location  of  these  sites 
suggests  that  the  alluvial  soils  in 
these  areas  were  probably  derived 
from  sands  or  shales  and  are  also 
acid  in  reaction.  In  Kentucky,  too, 
river  birch  occurs  on  the  more  acid 
soils,  in  the  counties  lying  outside 
the  limestone  area  (Braun,  1943). 

The  distributions  in  Cumberland 
County  and  throughout  the  entire 
midwest  suggest  that  some  factor  as¬ 
sociated  witli  neutral  and  alkaline 


soils  is  limiting  to  river  birch.  Al¬ 
though  the  pH  tests  made  in  Cum¬ 
berland  County  show  an  acid  ten¬ 
dency  wherever  river  birch  is  pres¬ 
ent,  in  some  cases  readings  higher 
than  7.0  were  obtained.  The  facts 
that  seedlings  and  small  trees  were 
generally  absent  except  in  two  loca¬ 
tions,  both  on  residual  acid  Hickory 
gravelly  loam,  and  that  most  of  the 
older  trees  had  partially  buried 
trunks  and  in  general  lacked  vigor, 
suggest  that  this  species  is  not  gen¬ 
erally  reproducing  in  Cumberland 
County  today.  It  may  be  that  the 
present  high  applications  of  lime  and 
fertilizers  to  the  farmland  of  the 
area  have  raised  the  reaction  of  re- 
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cent  alluvial  deposits  so  that  the  soil 
is  now  unfavorable  to  the  establish¬ 
ment  and  spread  of  river  birch  in 
the  area. 
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ACADEMY  BUSINESS 

SECRETARY’S  REPORT  FOR  THE  YEAR 
APRIL  25,  1959  -  APRIL  22,  1960 

G.  ROBERT  YOHE,  Secretary 


The  53rd  annual  meetings  of  the  Illi¬ 
nois  State  Academy  of  Science  were  held 
at  Quincy,  Illinois,  on  April  22  and  23, 
1960,  with  Quincy  College  as  host. 
Eleven  of  the  Academy’s  twelve  sections 
met  on  Friday  afternoon.  Eighty-three 
papers  were  read  and  three  were  pre¬ 
sented  by  title.  Total  attendance  at 
the  section  meetings  was  about  350. 

The  general  session  of  Friday  morn¬ 
ing,  April  22,  held  in  the  Social  Hall 
of  Quincy  College,  was  called  to  order 
at  10:00  a.m.  by  President  C.  Leplie 
Kanatzar,  who  announced  the  personnel 
of  three  committees: 


Auditing 

Stanley  Harris,  Ch. 
Elbert  Hadley 
W.  M.  Lewis 


Nominations 

J.  W.  Neckers,  Ch 
F.  J.  Kruidenier 
W.  W.  Wantland 


Resolutions 

W.  M.  Scruggs,  Ch. 
G.  E.  Ekblaw 
Harold  Kaplan 
M.  W.  Sanderson 


Fr.  Julian  Woods,  O.F.M.,  President 
of  Quincy  College,  gave  the  address  of 
welcome. 

This  was  followed  by  the  presidential 
address,  “Some  Implications  of  Science 
for  our  Space  Age  Society,’’  by  Dr. 
C.  Leplie  Kanatzar. 

At  10:45,  Dr.  A.  V.  Nalbandov,  Pro¬ 
fessor  of  Animal  Physiology  at  the  Uni¬ 
versity  of  Illinois,  Urbana,  gave  an  in¬ 
teresting  lecture  on  “Sex  Determination 
Brought  Up-to-date.’’ 

The  annual  business  meeting  was  held 
at  5:00  p.m.  in  the  Social  Hall;  an  ac¬ 
count  of  the  business  transacted  is  given 
later  in  this  report. 

The  annual  banquet  was  held  in  the 
Quincy  College  Cafeteria  at  6:15  p.m. 

The  annual  public  lecture,  held  in  the 
Social  Hall  at  8:00  p.m.,  was  delivered 
by  Dr.  George  L.  Clark,  Research  Pro¬ 
fessor  of  Analytical  Chemistry  at  the 
University  of  Illinois,  Urbana.  Speaking 
on  the  topic,  “Symmetry  in  Philosophy, 
Art,  and  Science,”  he  used  many  slides 


showing  symmetry  or  lack  thereof  in 
works  of  art  from  ancient  to  modern, 
and  included  some  very  beautiful  X-ray 
diffraction  patterns  reflecting  the  match¬ 
less  symmetry  of  the  arrangements  of 
atoms  and  molecules  in  crystals. 

Council  Meetings 

The  Council  held  four  meetings  during 
the  year,  as  stipulated  in  the  Consti¬ 
tution. 

First  Council  Meeting.  This  was  held 
in  Room  C,  Lower  Lounge  of  the  Com¬ 
mons  Building  of  the  Illinois  Institute 
of  Technology,  Chicago,  on  Saturday 
morning,  April  25,  1959. 

Dr.  Neckers  submitted  the  proposed 
budget  for  May-December,  1959.  After 
some  discussion  and  the  inclusion  of 
several  revisions,  this  budget  was  ap¬ 
proved. 

President  Kanatzar  reviewed  plans  for 
a  meeting  of  the  Businessmen’s  Advis¬ 
ory  Committee  in  May  or  June.  This 
group  of  men  from  industrial  organiza¬ 
tions  of  the  state  plans  to  raise  money 
to  help  support  the  Junior  Academy 
program. 

The  Council  reappointed  Dr.  Harvey 
I.  Fisher  of  Southern  Illinois  University 
as  Editor  of  the  TRANSACTIONS  and 
Mr.  James  S.  Ayars  of  the  Illinois  State 
Natural  History  Survey  as  the  Acad¬ 
emy’s  Publicity  Advisor  for  1959-60. 

Dr.  Evers  reported  that  Quincy  Col¬ 
lege  officials  were  to  name  a  member 
of  their  faculty  as  a  candidate  for  the 
position  of  Second  Vice-President  for 
the  1960  meeting.  The  Council  empow¬ 
ered  the  Secretary  to  inform  this  man 
of  his  appointment.  (This  man  was  Rev. 
Robert  R.  Brinker,  O.F.M.,  and  he  was 
informed  of  his  appointment  on  or  about 
April  30,  1959.) 

The  dates  for  the  1961  meeting  were 
fixed  as  April  27,  28,  and  29,  1961.  Joliet 
and  Charleston  were  suggested  as  pos¬ 
sible  places,  but  the  President  and  Sec¬ 
retary  were  empowered  to  decide  on 
the  site. 
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Miss  Elnore  Stoldt  was  reappointed 
Delegate  to  the  A.A.A.S.  Academy  Con¬ 
ference,  and  Dr.  Walter  B.  Welch  was 
reappointed  Delegate  to  the  A.A.A.S. 
for  1959. 

As  no  candidates  had  been  found  for 
the  positions  of  General  Chairman  and 
Chairman-Elect  of  the  Junior  Academy, 
President  Kanatzar  was  empowered  to 
make  appointments  to  fill  these  posi¬ 
tions. 

The  Educational  Films  Evaluation  and 
Planning  committees  were  appointed  as 
named  in  the  TRANSACTIONS,  Vol. 
52,  pp.  156-8. 

In  view  of  the  Constitutional  amend¬ 
ments  raising  dues  for  regular  members 
from  $2.00  to  $5.00  a  year  and  changing 
the  fiscal  year  to  coincide  with  the  cal¬ 
endar  year,  it  was  moved,  seconded  and 
passed  that  members  whose  dues  were 
paid  up  to  April  30,  1960  should  be  billed 
for  $3.50  for  the  remainder  of  1960,  but 
that  new  members  joining  as  of  Janu¬ 
ary  1,  1960  should  be  billed  for  $5.00. 

Second  Council  Meeting.  This  meet¬ 
ing  was  held  in  the  Anniversary  Room 
of  the  St.  Nicholas  Hotel  in  Springfield 
on  Saturday,  November  14,  1959.  Dr. 
Kanatzar  presided;  23  persons  were 
present,  including  10  officers  and  dis¬ 
trict  chairmen  of  the  Junior  Academy. 

The  first  part  of  the  morning  was 
devoted  to  reports  of  the  Junior  Acad¬ 
emy  personnel  and  a  discussion  of  the 
affairs  and  problems  of  tlxat  group.  Dr. 
Welch,  Treasurer,  and  Dr.  Neckers, 
Chairman  of  the  Budget  Committee, 
reported  at  this  time  so  that  the  Junior 
Academy  officers  might  be  informed  of 
the  financial  status  of  the  Academy. 
These  reports,  and  that  of  the  Auditing 
Committee  as  of  June  12,  1959,  were 
accepted. 

Instructions  were  given  to  section 
chairmen,  and  reports  were  given  by 
section  chairmen  and  by  chairmen  of 
committees. 

A  motion  was  passed  that  the  Treas¬ 
urer  should  collect  registration  fees  at 
the  annual  meetings  and  use  this  money 
in  defrayment  of  meeting  expenses. 

The  Council  approved  the  retaining 
of  Professor  Hubert  N.  Alyea  of  Prince¬ 
ton  University  as  speaker  for  the  Junior 
Academy  meeting  May  6,  1960. 

It  was  voted  to  submit  a  request  for 
a  grant  of  $15,000  to  the  National  Sci¬ 
ence  Foundation  for  support  of  the 
Junior  Academy  program. 

Mr.  Wallace  reported  that  exhibits  of 
the  Junior  Academy  would  in  the  future 


be  designated  as  “Illinois  Junior  Acad¬ 
emy  of  Science  Expositions.” 

A  petition  bearing  the  names  of  18 
members  of  the  Academy  and  request¬ 
ing  the  establishment  of  a  Section  of 
Meteorology  was  approved,  and  the  Coun¬ 
cil  appointed  Mr.  Glenn  E.  Stout  of  the 
State  Water  Survey  as  chairman  of  the 
newly  formed  section. 

The  Council  passed  a  motion  to  sub¬ 
mit  to  the  Academy’s  membership  at 
the  Quincy  meeting  an  amendment  to 
the  Constitution  establishing  a  mem¬ 
bership  category  called  “Student  Mem¬ 
ber.” 

Dr.  Levine,  Chairman  of  the  Plan¬ 
ning  Committee,  brought  up  a  proposal 
for  instituting  “Science  Seminars”  for 
high  school  teachers  as  a  part  of  the 
Academy’s  annual  meetings.  It  was 
felt  that  this  should  not  be  implemented 
until  a  survey  of  teacher  opinion  indi¬ 
cated  its  desirability. 

The  Council  approved  the  appoint¬ 
ment  of  Robert  C.  Wallace  of  Reavis 
High  School,  Oak  Lawn,  as  State  Chair¬ 
man  of  the  Junior  Academy,  and  that 
of  George  R.  Abraham  of  Lincoln-Way 
Community  High  School,  New  Lenox, 
as  State  Chairman-Elect. 

The  Council  voted  to  accept  the  in¬ 
vitation  received  from  Dr.  Quincy  Doud- 
na,  President  of  Eastern  Illinois  Uni¬ 
versity,  to  hold  the  54th  annual  meeting 
on  the  campus  of  that  university  April 
27-29,  1961. 

Third  Council  Meeting.  This  meet¬ 
ing  was  held  in  Room  217  of  the  Illini 
Union  Building,  University  of  Illinois, 
Urbana,  on  February  13,  1960,  with  Dr. 
C.  Leplie  Kanatzar  presiding.  Thirty- 
three  persons  were  present,  ineluding 
9  section  chairmen  and  10  of  the  Junior 
Academy  personnel. 

Mr.  Robert  C.  Wallace  reported  that 
373  high  school  science  clubs  had  reg¬ 
istered  with  the  Junior  Academy,  and 
that  this  was  the  largest  number  ever 
to  do  so. 

Dr.  Welch  reported  that  the  Business¬ 
men’s  Advisory  Committee  had  already 
raised  about  $2500  for  the  Junior  Acad¬ 
emy. 

President  Kanatzar  reported  that  Dr. 
A.  V.  Nalbandov  and  Dr.  G.  L.  Clark, 
both  of  the  University  of  Illinois,  had 
been  secured  to  lecture  before  the  Fri¬ 
day  morning  and  Friday  evening  ses¬ 
sions,  respectively,  at  the  Quincy  meet¬ 
ing. 

The  Treasurer’s  report  was  presented 
and  accepted. 
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Dr.  Harvey  I.  Fisher  expressed  con-and  (b)  that  the  Academy  apply  to  the 


cern  that  in  working  diligently  to  build 
up  the  Junior  Academy,  we  may  have 
allowed  the  Senior  Academy  to  become 
regrettably  weak.  He  suggested  that 
serious  thought  be  given  to  ways  of 
strengthening  the  Senior  Academy’s 
program. 

Rev.  Robert  R.  Brinker,  O.F.M.,  Sec¬ 
ond  Vice-President,  reported  that  all 
arrangements  for  the  meeting  at  Quincy 
were  proceeding  satisfactorily,  and  that 
everything  would  be  ready  except  that 
each  section  chairman  was  asked  to 
take  the  responsibility  for  providing 
projection  equipment  for  his  section. 

As  Dr.  Harvey  I.  Fisher  had  request¬ 
ed  to  be  relieved  of  his  duties  as  Editor 
of  the  TRANSACTIONS  as  of  March  1, 
1960,  the  Council  appointed  Dr.  Paul  C. 
Silva  of  the  University  of  Illinois  to 
serve  in  this  capacity  for  the  remainder 
of  the  year. 

Dr.  Levine  exhibited  copies  of  a  letter 
and  a  questionnaire  which  the  Planning 
Committee  proposed  to  send  to  high 
school  science  teachers  to  get  teacher 
opinion  as  to  the  desirability  of  holding 
science  seminars  for  such  teachers  in 
conjunction  with  the  Academy  meetings. 
The  Council  approved  the  sending  of 
these  materials. 

Mr.  Wallace  reported  that  the  Junior 
Academy  wished  to  appoint  Dr.  Lyell 
J.  Thomas  Honorary  Chairman  of  the 
Illinois  Junior  Academy.  By  a  motion 
made  by  Dr.  Levine  and  seconded  by 
Dr.  Evers,  this  appointment  was  ap¬ 
proved. 

Fourth  Council  Meeting.  Following  a 
dinner  in  the  Social  Hall  of  Quincy 
College,  this  meeting  was  called  to  order 
by  President  C.  Leplie  Kanatzar  at 
6:45  p.m.,  April  21,  1960.  Twenty-eight 
persons  (officers,  committeemen,  and 
section  chairmen)  were  present. 

The  major  portion  of  this  meeting 
was  devoted  to  preliminary  reports,  a 
review  of  preparations  for  the  sessions 
scheduled  for  Friday,  April  22,  and  dis¬ 
cussion  of  items  to  be  presented  at  the 
annual  business  meeting,  April  22.  Most 
of  these  items  are  described  in  the 
minutes  of  the  annual  business  meeting. 

The  Council  approved  the  following 
proposals  made  by  the  Planning  Com: 
mittee:  (a)  that  the  Academy  put  on 
a  Science  Seminar  for  High  School 
Teachers  in  1960-61  on  “Recent  Advances 
in  Biological  Sciences,”  and  that  a  spe¬ 
cial  committee  be  appointed  to  plan  the 
seminar  and  make  arrangements  for  it, 


National  Science  Foundation  for  a  grant 
to  help  defray  the  expenses  of  this 
seminar. 

In  view  of  the  altered  circumstances 
involved  in  having  the  fiscal  year  coin¬ 
cide  with  the  calendar  year,  the  Coun¬ 
cil  approved  a  motion  that  a  new  treas¬ 
urer  elected  at  the  annual  business 
meeting  shall  take  office  on  January  1 
of  the  following  year  to  serve  for  a 
fiscal  year. 

At  the  suggestion  of  Dr.  W.  B.  Hen¬ 
drickson,  who  is  writing  a  history  of 
the  Academy,  the  Council  approved  a 
motion  to  appoint  an  ad  hoc  committee 
to  serve  as  an  advisory  body  to  the; 
Historian. 

Annual  Business  Meeting 

The  business  meeting  of  the  53rd 
annual  meetings  of  the  Illinois  State 
Academy  of  Science  was  held  April  22, 
1960,  in  the  Social  Hall  of  Quincy  Col¬ 
lege,  Quincy,  Illinois,  at  5:00  p.m.  with 
President  C.  Leplie  Kanatzar  presiding. 
About  50  members  were  present. 

President  Kanatzar  called  upon  the 
Secretary  for  the  minutes  of  the  last 
meeting;  the  Secretary  responded  as 
follows : 

“The  minutes  of  the  52nd  annual  meet¬ 
ing,  held  in  Siegel  Hall  Auditorium  of 
the  Illinois  Institute  of  Technology  on 
April  24,  1959  at  5:00  p.m.  have  been 
published  in  the  TRANSACTIONS,  Vol¬ 
ume  52,  pp.  76-81.  This  account  also  in¬ 
cludes  the  actions  of  the  Council  and 
the  reports  of  the  standing  and  special 
committees. 

“The  activities  of  the  Academy  have 
been  summarized  in  this  account  and 
in  the  President’s  annual  letter,  which, 
with  the  program  of  the  53rd  annual 
meeting,  was  mailed  to  each  member 
on  the  Secretary’s  mailing  list  on  March 
17,  1960. 

“Mr.  President,  I  move  the  acceptance 
of  the  report  of  the  52nd  annual  meet¬ 
ing  as  published  and  also  the  summary 
of  the  year’s  activities  as  given  in  the 
President’s  annual  letter.”  This  mo¬ 
tion  was  seconded  by  Dr.  Evers,  and 
carried. 

Reports  of  Officer’s 

The  President  and  the  First  Vice- 
President  gave  no  reports. 

The  Secretary  reported  the  following 
membership  statistics  as  of  April  6,  1960: 


74 


Transactions  Illinois  Academy  of  Science 


Regular  members . 1602 

Life  members  .  40 

Sustaining  members  .  33 

Patron  members .  46 


TOTAL  . 1721 


Dr.  Welch,  Treasurer,  presented  the 
report  published  herewith.  He  moved 
and  Dr.  Evers  seconded  that  the  report 
be  accepted;  the  motion  carried. 

Dr.  Milton  Thompson  gave  the  report 
sent  by  Dr.  Deuel,  Librarian,  stating 
that  the  cost  of  printing  Volume  52  of 
the  TRANSACTIONS  was  $2,885.43, 
leaving  $5,578.57  in  the  printing  fund; 
that  manuscripts  to  be  published  in  the 
present  biennium  must  be  in  the  Print¬ 
ing  Division  by  May  1,  1961;  and  that 
the  Librarian  was  not  accepting  new 
exchanges  because  of  lack  of  space. 

Dr.  Levine  had  no  report  for  the  Col¬ 
legiate  Section. 

Mr.  Wallace,  Junior  Academy  Chair¬ 
man,  was  absent,  but  President  Kanat- 
zar  gave  a  brief  account  of  the  excellent 
progress  and  fine  work  of  that  group, 
and  urged  members  to  attend  the  state 
meeting  in  Urbana,  May  6  and  7,  1960. 

Repo?'ts  of  Technical  Personnel 

Dr.  Silva,  Editor  of  the  TRANS¬ 
ACTIONS,  reported  that  Dr.  Fisher  had 
completed  Volume  52,  and  that  he  (Sil¬ 
va)  had  7  manuscripts  ready  and  5 
others  in  the  hands  of  the  reviewers 
for  Volume  53. 

Mr.  J.  S.  Ayars,  who  is  relinquishing 
the  post  of  Publicity  Advisor,  read  a 
brief  report  of  his  activities  during  the 
eight  years  he  held  this  position. 

Reports  of  Standing  Committees 

Animal  Experimentation  in  Research. 
Dr.  Kaplan  reported  for  the  committee, 
pointing  out  the  desirability  of  legaliz¬ 
ing  the  use  of  animals  in  school  demon¬ 
strations  and  experiments,  and  empha¬ 
sizing  the  need  for  careful  and  proper 
handling  of  such  animals.  He  referred 
to  a  resolution  on  this  matter  (see  be¬ 
low).  He  presented  a  list  of  the  25 
finalists  in  the  Illinois  High  School 
Essay  Contest,  from  which  winners  are 
to  be  selected  and  announced  May  7. 

Budget.  Dr.  Neckers’  report,  read  by 
the  Secretary,  stated  that  the  budget 
for  the  current  year  had  been  presented 
to  the  Council  November  14,  1959. 

Membership.  The  report  submitted  by 
Mr.  Harrison  and  Dr.  Carmin  showed 
that  this  Committee  had  contacted  about 
5,000  prospective  members,  and  obtained 


about  100  new  members  for  the  Academy. 

Research  Grants.  Dr.  Gould  reported 
the  recommendation  of  his  committee 
to  grant  the  following  requests:  Doro¬ 
thea  Franzen,  Illinois  Wesleyan  Uni¬ 
versity,  $100.00;  Floyd  F.  Cunningham, 
Southern  Illinois  University,  $100.00; 
H.  Rodney  Valentine,  University  of  Illi¬ 
nois,  $300.00.  A  motion  that  the  Acad¬ 
emy  approve  granting  these  requests 
was  made  by  Dr.  Welch,  seconded  by 
Dr.  Evers,  and  carried. 

Science  Talent  Search.  The  Secretary 
abstracted  the  written  report  submitted 
by  Dr.  Heckard,  who  was  unable  to  be 
present.  This  report  named  4  Washing¬ 
ton  Trip  Winners,  39  National  Honor¬ 
able  Mentions,  and  12  State  Honorable 
Mentions,  and  announced  that  Richard 
Pence  Mills  of  Evanston  Township  High 
School  was  the  winner  of  the  Frank  H. 
Reed  Memorial  Award. 

State  Museum  Building.  In  the  ab¬ 
sence  of  Dr.  Robertson,  Dr.  Thompson 
reported  that  a  bill  appropriating  funds 
for  the  Museum  Building  had  been 
passed,  but  that  the  money  had  been 
“frozen.”  It  was  hoped  that  these  funds 
might  soon  be  released. 

Sustaining  Membership.  Dr.  Grimm 
gave  no  report.  The  functions  of  this 
committee  have  been  handled  by  the 
Businessmen’s  Advisory  Committee  dur¬ 
ing  the  past  year. 

Reports  of  Special  Committees 

Educational  Films  Evaluation.  Dr. 
Thompson  reported  that  his  Committee 
had  prepared  brief,  critical  reviews  of 
25  films.  Dr.  Hedrick  moved  and  Dr. 
Levine  seconded  that  these  reviews  be 
published  in  the  TRANSACTIONS,  re¬ 
gardless  of  whether  they  were  favor¬ 
able  or  adverse.  The  motion  carried. 

Planning.  Dr.  Levine  reported  prepa¬ 
ration  of  proposed  amendments  to  the 
Constitution  and  By-laws  (see  below), 
and  a  summary  of  high  school  teacher 
opinion  on  the  desirability  of  conduct¬ 
ing  science  seminars  for  such  teachers 
as  a  part  of  the  Academy’s  activities. 

Auditing.  The  report  of  this  commit¬ 
tee  was  read  by  Dr.  Harris,  and  accepted. 

Resolutions.  Dr.  Scruggs  presented  11 
resolutions  with  committee  recommen¬ 
dation  for  the  adoption  of  10;  the  fol¬ 
lowing  were  approved  by  the  Academy: 

1.  Appreciation  to  Host. 

Whereas  many  persons  connected 
with  Quincy  College  have  worked 
diligently  and  effectively  and  thus 
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have  been  of  great  service  to  the 
Illinois  State  Academy  of  Science 
through  the  many  ways  in  which 
they  have  made  the  necessary 
arrangements  for  the  fifty-third 
annual  meeting, 

Be  it  resolved  that  the  Academy 
express  its  gratitude  to  all  who 
have  participated  in  any  way  in 
arranging  this  annual  meeting, 
particularly 

Father  Julian  Woods,  President  of 
Quincy  College, 

Father  Robert  Brinker,  Second 
Vice-President  of  the  Academy, 
who  has  been  in  charge  of  local 
arrangements,  and 

The  faculty,  students,  and  other 
agencies  who  have  helped  in 
any  way  in  arranging  this  an¬ 
nual  meeting. 

Be  it  further  resolved  that  the  sec¬ 
retary  be  authorized  to  send 
copies  of  this  resolution  to  those 
specifically  named. 

2.  Felicitations  to  Quincy  College. 

Whereas  Quincy  College  is  this  year 
celebrating  its  centennial  of  one 
hundred  years  of  educational  serv¬ 
ice  to  the  youth  of  the  state  and 
nation, 

Be  it  resolved  that  the  Academy 
extend  its  felicitations  to  Quincy 
College  and  all  those  who  have 
guided  its  destiny  in  the  past 
and  express  the  hope  that  the 
college  may  extend  its  fine  work 
far  into  the  future. 

3.  Appreciation  of  Distinguished 

Service. 

Whereas  Dr.  Harvey  I.  Fisher  of 
Southern  Illinois  University  has 
served  some  five  years  in  an  ef¬ 
ficient  and  scholarly  manner  as 
Editor  of  the  Academy  Transac¬ 
tions, 

Be  it  resolved  that  the  Academy  ex¬ 
press  its  appreciation  for  his  fine 
work  which  has  been  of  great 
value  to  the  Academy. 

4.  Appreciation  of  Distinguished 

Service. 

Whereas  Dr.  Lyell  J.  Thomas  was 
responsible  for  founding  both  the 
Illinois  Junior  Academy  of  Sci¬ 
ence  and  the  Junior  Academy  of 
Science  movement  throughout  the 
United  States  and  has  served  that 
movement  for  35  years, 
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Be  it  resolved  that  the  Academy  ex¬ 
press  its  appreciation  to  Dr. 
Thomas  for  having  thus  furthered 
the  cause  of  science  and  for  hav¬ 
ing  brought  honor  to  himself  and 
the  Academy. 

5.  Appreciation  of  Distinguished 

Service. 

Whereas  Mr.  James  S.  Ayars  has 
concluded  eight  years  of  service 
as  Publicity  Advisor  of  the  Acad¬ 
emy,  and 

Whereas  in  this  capacity,  Mr.  Ayars 
has  prepared  and  distributed  or 
has  been  responsible  for  the  prep¬ 
aration  and  distribution  of  news 
releases  which  have  reflected  cred¬ 
it  on  the  Academy, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  express  to 
Mr.  Ayars  its  deep  appreciation 
for  his  unselfish  and  beneficial 
services. 

6.  Appreciation  of  Service. 

Whereas  the  State  Geological  Sur¬ 
vey  and  the  State  Natural  History 
Survey  have  contributed  greatly 
to  the  Academy  and  to  the  success 
of  the  annual  meeting  of  the 
Academy  by  planning  and  con¬ 
ducting  the  field  trip  on  the  oc¬ 
casion  of  the  1960  meeting  of  the 
Academy, 

Be  it  resolved  that  the  Academy  ex¬ 
press  its  gratitude  to  all  who  have 
participated  in  any  way  in  arrang¬ 
ing  and  carrying  out  this  field 
trip. 

7.  Appreciation  to  Businessmen’s 

Advisory  Committee. 

Whereas  the  objectives  and  activi¬ 
ties  of  the  Businessmen’s  Advis¬ 
ory  Committee  of  our  Junior 
Academy  recently  organized  under 
the  auspices  of  the  Illinois  Cham¬ 
ber  of  Commerce  promise  a  stable 
source  of  income  sufficient  to  sup¬ 
port  the  Junior  Academy  finan¬ 
cially,  and 

Whereas  certain  individuals  were  re¬ 
sponsible  for  the  concept  and  or¬ 
ganization  of  this  committee, 

Therefore  the  Illinois  State  Acad¬ 
emy  of  Science  expresses  its  ap¬ 
preciation  to  the  Illinois  Chamber 
of  Commerce;  the  University  of 
Illinois;  Dr.  C.  Leplie  Kanatzar, 
President  of  the  Academy  and 
former  Chairman  of  the  Sustain- 
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ing  Membership  Committee;  E.  0. 
Ehrhardt,  Illinois  Bell  Telephone 
Company;  David  C.  Hanna,  Man¬ 
ager  of  the  Education  Depart¬ 
ment,  Illinois  State  Chamber  of 
Commerce;  Dr.  Harlow  B.  Mills, 
past  president  of  the  Academy; 
Dr.  David  D.  Henry,  President  of 
the  University  of  Illinois;  and 
T.  W.  Schroeder,  Chairman  of  the 
Businessmen’s  Advisory  Commit¬ 
tee. 

Be  it  resolved  that  the  Secretary  of 
the  Academy  be  directed  to  send 
a  copy  of  this  resolution  to  each 
of  these  individuals  and  organ¬ 
izations. 

8.  Use  of  Laboratory  Animals  in  the 

Public  Schools  of  Illinois. 

(Proposed  by  Committee  on  Animal 

Experimentation  of  the  Academy) 

Whereas  it  is  recognized  that  more 
scientists,  including  those  in  the 
pan-medical  sciences,  are  needed 
for  the  better  development  of  man¬ 
kind,  and 

Whereas  interest  in  scientific  ca¬ 
reers  is  most  often  determined  at 
the  pre-college  level,  and 

Whereas  proper  instruction  in  sci¬ 
ences  at  the  elementary  and  high 
school  levels  requires  the  use  of 
demonstrations  and  student  par¬ 
ticipation,  where  feasible,  in  addi¬ 
tion  to  reading  assignments,  lec¬ 
tures,  and  films,  and 

Whereas  many  of  the  most  instruc¬ 
tive  demonstrations  in  the  pan¬ 
medical  sciences  involve  the  use 
of  living  animals,  and 

Whereas  there  has  been  some  lack 
of  public  understanding  of  these 
principles,  therefore 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  support  the 
principle  of  the  need  and  the  use 
of  laboratory  animals  in  the  pub¬ 
lic  schools  of  Illinois,  providing 
that  the  Guiding  Principles  in  the 
Use  of  Animals  by  Secondary  Stu¬ 
dents  and  Science  Club  Members , 
adopted  by  the  National  Academy 
of  Science-National  Research 
Council,  the  National  Society  for 
Medical  Research,  and  the  Animal 
Care  Panel,  are  observed, 

Be  it  further  resolved  that  the  sec¬ 
retary  be  authorized  to  send 
copies  of  this  resolution  to  the 
General  Chairman  of  the  Junior 
Academy  of  Science,  the  Super¬ 


intendent  of  Public  Instruction, 
and  the  Chairman  of  the  State 
Association  of  High  Schools. 

9.  New  Illinois  State  Museum 

Building. 

Whereas  for  many  years  the  Illinois 
State  Academy  of  Science  has 
annually  urged  each  governor  to 
build  a  proper  museum  building 
to  house  the  Illinois  State  Mu¬ 
seum,  and 

Whereas  you,  the  Honorable  Wil¬ 
liam  G.  Stratton,  as  Governor  of 
the  State  of  Illinois  did  request 
of  the  last  Legislature  the  ap¬ 
propriation  of  funds  for  the  crea¬ 
tion  of  such  a  museum  building, 
and 

Whereas  the  bill  did  pass  both 
Houses  of  the  Legislature  almost 
unanimously  with  bi-partisan  sup¬ 
port,  and 

Whereas  said  bill  was  signed  by 
you  as  Governor, 

Be  it  resolved  that  the  Illinois  State 
Academy  of  Science  express  its 
deep  appreciation  to  the  Governor 
and  Legislators  of  the  State  of 
Illinois  for  their  expressed  inter¬ 
est  and  appropriation  of  funds 
for  the  new  museum  building. 

Be  it  further  resolved  that  the  Illi¬ 
nois  State  Academy  of  Science 
again  express  its  great  interest 
and  support  of  the  measure  and 
urge  further  that  funds  be  re¬ 
leased  at  the  very  earliest  moment 
during  the  current  biennium  in 
order  to  proceed  with  the  pro¬ 
jected  planning  and  construction 
of  the  Illinois  State  Museum 
Building. 

Be  it  resolved  also  that  the  Secre¬ 
tary  of  the  Academy  be  instructed 
to  send  a  copy  of  this  resolution 
to  the  Governor. 

10.  Necrology. 

Whereas  during  the  past  year  the 
Academy  has  lost  by  death  the 
following  members: 

Wayland  E.  Campbell,  Novem¬ 
ber  1,  1959 

Scott  H.  Eaton,  May  8,  1959 

John  William  LaFief,  1959  or 
early  1960 

Mrs.  W.  B.  Lindsley,  August  21, 

1959 

James  W.  Mitchell,  1959 

Marcel  Schein,  February  20, 

1960 
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Brother  Victor,  1958 

Leslie  W.  Young,  January,  1959 

James  Zetek,  date  unknown 

Be  it  resolved  that  the  Academy 
express  its  grief  for  their  deaths 
by  rising  for  a  moment  of  silence. 

A  recommendation  of  the  Planning 
Committee  pertaining  to  a  revision  of 
the  By-laws  was  considered  before  the 
report  of  the  Nominating  Committee 
was  called  for,  as  action  taken  thereon 
would  affect  the  slate  of  committees 
presented.  This  amendment  was:  “The 
Committee  recommends  that  Article  II 
of  the  By-laws  be  amended  to  delete 
the  Junior  Academy  Advisory  and  Schol¬ 
arship  Committee  from  the  list  of  stand¬ 
ing  committees.’’  Dr.  Levine  moved 
Academy  approval  of  this  change;  Dr. 
Meloy  seconded,  and  the  motion  carried. 

Nominating.  In  the  absence  of  Dr. 
Neckers,  Dr.  Wantland  read  the  report 
of  the  Nominating  Committee.  Dr.  Ek- 
blaw  suggested  certain  revisions  of  the 
report  to  bring  the  list  of  Local  Con¬ 
ventions  Committee  nominees  into  con¬ 
formity  with  By-law  II-3  which  says 
that  the  last  three  available  second 
vice-presidents  shall  serve  thereon;  this 
revision  was  approved.  Dr.  Ekblaw 
moved  and  Dr.  Levine  seconded  that 
the  President  cast  a  unanimous  ballot 
for  the  slate  as  read  and  amended.  The 
motion  carried.  The  officers  and  com¬ 
mittees  thus  elected,  together  with 
others  elected  by  the  Council  or  ap¬ 
pointed  by  the  President,  are  published 
elsewhere  in  the  TRANSACTIONS. 


New  Business 

A  Constitutional  amendment  calling 
for  the  insertion  into  Article  III  of  a 
provision  establishing  Student  Member¬ 
ship  with  dues  of  $2.00  per  year  had 
been  presented  to  the  membership  in 
the  Secretary’s  letter  of  March  17,  1960. 
This  amendment  was  read;  Dr.  Levine 
then  moved  and  Dr.  Kruidenier  second¬ 
ed  that  it  be  adopted,  and  the  motion 
carried. 

The  Planning  Committee’s  proposal  to 
eliminate  the  words  “each  year”  from 
Article  II,  Section  12  of  the  By-laws  so 
that  certain  delegates  might  be  appoint¬ 
ed  for  longer  terms  was  discussed; 
after  the  adoption  of  amendments  pro¬ 
posed  by  Dr.  Brown  and  Dr.  Levine, 
the  motion  made  by  Dr.  Levine  and 
seconded  by  Dr.  Welch  carried  so  that 
the  paragraph  in  question,  which  now 
becomes  Article  II,  Section  11  as  a  re¬ 
sult  of  eliminating  the  Junior  Academy 
Advisory  and  Scholarship  Committee, 
shall  read:  “One  or  more  delegates  to 
the  American  Association  for  the  Ad¬ 
vancement  of  Science  or  to  any  other 
organization  with  which  the  Academy 
is  affiliated,  when  such  delegates  are 
required,  shall  be  elected  by  the  Coun¬ 
cil  for  such  term  or  terms  as  the  Coun¬ 
cil  may  designate.” 

Adjournment  was  approved  at  about 
6:00  p.m.  upon  motion  by  Dr.  Wantland, 
seconded  by  Dr.  Welch. 

Secretary’s  note:  Complete  and  de¬ 
tailed  minutes  and  committee  reports, 
of  which  the  above  is  an  abstract,  are 
on  file  in  the  Secretary’s  office. 


TREASURER’S  REPORT 

May  1 — December  31,  1959 


Balance,  May  1,  1959 


Receipts 

Annual  dues 

Regular  . $  330.50 

Sustaining-Patron  .  3,457.00 

Life  membership  .  50.00 

Interest 

U.  S.  bonds .  57.90 

State  Savings  &  Loan  Association .  100.00 

A.A.A.S.  research  grants  .  800.00 

Credit  on  bank  charge .  .25 

Personal  loan  .  150.00 

State  Savings  &  Loan  Association  shares .  2,500.00 


$  7,445.65 


Total,  balance  and  receipts 


Expenditures 

Council  . $  44.00 

Secretary’s  office  .  738.62 

Treasurer’s  office  . 158.83 

Editor’s  office  .  136.40 

Miscellaneous  .  3.00 

Research  grants  .  800.00 

Membership  Committee  .  52.50 

Librarian  .  361.14 

Junior  Academy 

General  .  5,264.14 

Science  Talent  Search  Committee .  454.75 

Sustaining  Membership  Committee .  224.63 

Personal  loan  .  150.00 

National  Science  Foundation .  3,528.16 


Total,  expenditures  . . $  11,916.17 

Cash  on  hand  . . . 

Outstanding  checks  . . . $  83.45 

Bank  charges  .  3.67 


Total,  Carbondale  National  Bank,  December  31,  1959 . 

Reserve  fund 

State  Savings  &  Loan  Assn.,  East  St.  Louis . $  1,500.00 

U.  S.  bonds  .  1,800.00 


Permanent  fund 
Life  memberships 

U.  S.  bonds  . . . $  1,700.00 

Cash,  Carbondale  National  Bank  .  250.00 


Frank  H.  Reed  Memorial  Fund 

State  Savings  &  Loan  Assn.,  East  St.  Louis . $  415.33 

Interest  to  July  1,  1959 . .  7.26 


$  6,041.54 


$  13,487.19 


$  1,571.02 

$  1,650.80 

$  3,300.00 

$  1,950.00 

$  422.59 
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CONSTITUTIONAL  AMENDMENT  APPROVED 

APRIL  22,  1960 

Deletions  are  enclosed  in  brackets;  additions  are  in  italics. 


Article  III.  Membership  and  Dues 

2.  Regular  individual  members  .  .  . 

3.  Any  college  or  high  school  student  ivho  has  not  received  a  bachelor' s  degree 
and  who  is  certified  as  such  by  a'n  advisor  or  instructor  may  become  a  Stu¬ 
dent  Member  ivith  all  rights  and  privileges  of  membership  except  that  of 
voting  and  holding  office. 

If.  [3.]  The  dues  shall  be  as  follows: 

Regular  member,  annual  . $  5.00 

Student  member ,  annual . $  2.00 

Life  member,  single  payment . $100.00 

Sustaining  member,  annual . $  10.00 — $  49.00 

Patron,  annual  . $  50.00  or  more. 

5.  [4.]  Proceeds  from  life  memberships  .  .  . 

6.  [5.]  The  fiscal  year  .  .  , 


BY-LAW  REVISIONS  ADOPTED  APRIL  22,  1960 

Deletions  are  enclosed  in  brackets;  additions  are  in  italics. 

II.  Committees  and  Delegates 

1.  The  standing  committees  of  the  Academy  shall  be  .  .  .  [Junior  Academy 
Advisory  and  Scholarship,]  .  .  . 

[7.  The  Junior  Academy  Advisory  and  Scholarship  Committee.  .  .  .] 

7.  [8.]  The  Local  Conventions  Committee  .  .  . 

8.  [9J  The  membership  of  the  Audit  .  .  . 

9.  [10.]  The  Nominations  Committee  .  .  . 

JO.  [11.]  The  Resolutions  Committee  .  .  . 

11.  [12.]  One  or  more  delegates  to  the  American  Association  for  the  Advance¬ 

ment  of  Science  or  to  any  other  organization  with  which  the  Academy  is  affiliated, 
when  such  delegates  are  required,  shall  be  elected  [each  year]  by  the  Council  for 
such  a  term  or  terms  as  the  Council  may  designate. 


ILLINOIS  STATE  ACADEMY  OF  SCIENCE,  1960-1961 
OFFICERS,  COMMITTEES,  AND  SECTION  CHAIRMEN 


president:  Robert  A.  Evers,  State  Nat¬ 
ural  History  Survey,  Urbana. 

first  vice-president:  Walter  B.  Welch, 
Southern  Illinois  University,  Carbon- 
dale. 

*  second  vice-president:  Robert  J.  Smith, 
Eastern  Illinois  University,  Charles¬ 
ton. 

secretary:  G.  R.  Yohe,  State  Geological 
Survey,  Urbana. 

treasurer:  Willard  Klimstra,  South¬ 

ern  Illinois  University,  Carbondale. 

The  Council 

The  Council  consists  of  the  above 

listed  officers  and  the  following  persons: 

librarian:  Thorne  Deuel,  State  Mu¬ 

seum,  Springfield. 

general  chairman,  junior  academy  of 
science:  Robert  C.  Wallace,  Reavis 
High  School,  Oak  Lawn. 

COORDINATOR  OF  THE  COLLEGIATE  SECTION: 

Norman  D.  Levine,  University  of  Illi¬ 
nois,  Urbana. 

IMMEDIATE  PAST  PRESIDENT:  C.  Leplie 

Kanatzar,  MacMurray  College,  Jack¬ 
sonville. 

councilors:  Lyle  E.  Bamber,  1960-61, 
University  of  Illinois,  Urbana. 

H.  W.  Gould,  1960-62,  Northern  Illinois 
University,  DeKalb. 

G.  H.  Boewe,  1960-63,  State  Natural 
History  Survey,  Urbana. 

Standing  Committees 

affiliations:  George  E.  Ekblaw,  Chair¬ 
man ,  State  Geological  Survey,  Ur¬ 
bana. 

Thorne  Deuel,  State  Museum,  Spring- 
field. 

Elbert  H.  Hadley,  Southern  Illinois 
University,  Carbondale. 

ANIMAL  EXPERIMENTATION  IN  RESEARCH: 

Harold  Kaplan,  Chairman,  Southern 
Illinois  University,  Carbondale. 

N.  R.  Brewer,  951  East  58th  Street, 
Chicago. 

Robert  Schoffman,  Spalding  Institute, 
Peoria. 

F.  R.  Steggerda,  University  of  Illinois, 
Urbana. 


ARCHAEOLOGICAL  AND  HISTORICAL  SITES: 

Thorne  Deuel,  Chairman,  State  Mu¬ 
seum,  Springfield. 

William  H.  Farley,  Box  433,  Harris¬ 
burg. 

Mary  Grant,  805  Randolph,  Oak  Park. 

B.  G.  Johnson,  1512  Quinton  Road, 
S.  E.  Rockford. 

John  C.  McGregor,  University  of  Illi¬ 
nois,  Urbana. 

Carroll  L.  Riley,  Southern  Illinois 
University,  Carbondale. 

Sol  Tax,  1126  East  59th  Street,  Chi¬ 
cago. 

Daniel  A.  Throop,  Call  Printing  Com¬ 
pany,  Third  and  Broadway,  East 
St.  Louis. 

budget:  Stanley  E.  Harris,  Chairman, 
Southern  Illinois  University,  Car¬ 
bondale. 

James  H.  Grosklags,  Northern  Illinois 
University,  DeKalb. 

J.  W.  Neckers,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

W.  W.  Wantland,  Illinois  Wesleyan 
University,  Bloomington. 

conservation:  Willard  Klimstra,  Chair¬ 
man,  Southern  Illinois  University, 
Carbondale. 

Stanley  A.  Changnon,  Jr.,  State  Water 
Survey,  Urbana. 

D.  H.  Ferris,  University  of  Illinois, 
Urbana. 

John  C.  Frye,  State  Geological  Survey, 
Urbana. 

Loring  M.  Jones,  513  Normal  Road, 
DeKalb. 

Emma  Lundgren,  2703  Jackson  Street, 
Rockford. 

Harlow  B.  Mills,  State  Natural  His¬ 
tory  Survey,  Urbana. 

Henry  Sather,  Western  Illinois  Uni¬ 
versity,  Macomb. 

legislation  and  finance:  W.  W.  Grimm, 
Chairman,  Bradley  University,  Pe¬ 
oria. 

John  C.  Frye,  State  Geological  Survey, 
Urbana. 

Percival  Robertson,  The  Principia, 
Elsah. 

Glenn  E.  Stout,  State  Water  Survey, 
Urbana. 

Loren  P.  Woods,  Chicago  Museum  of 
Natural  History,  Chicago. 
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local  conventions:  Robert  R.  Brinker, 
Chairman,  Quincy  College,  Quincy. 

L.  R.  Hedrick,  Illinois  Institute  of 
Technology,  Chicago. 

C.  W.  Hudelson,  Illinois  State  Normal 
University,  Normal. 

W.  A.  Lindbeck,  Northern  Illinois 
University,  DeKalb. 

G.  R.  Yohe,  Ex-officio,  State  Geological 
Survey,  Urbana. 

membership:  Dalias  Price,  Chairman, 

Eastern  Illinois  University,  Charles¬ 
ton. 

Clyde  Anderson,  Box  303,  Enfield. 

Robert  A.  Bullington,  Northern  Illi¬ 
nois  University,  DeKalb. 

Wesley  Calef,  University  of  Chicago, 
Chicago. 

Robert  L.  Carmin,  University  of  Illi¬ 
nois,  Urbana. 

John  C.  Downey,  Southern  Illinois 
University,  Carbondale. 

Esther  Griffith,  Illinois  State  Normal 
University,  Normal. 

John  Harrison,  State  Geological  Sur¬ 
vey,  Urbana. 

Ernest  L.  Karlstrom,  Augustana  Col¬ 
lege,  Rock  Island. 

Karl  G.  Larson,  Augustana  College, 
Rock  Island. 

Russell  L.  Mixter,  Wheaton  College, 
Wheaton. 

Herbert  Priestley,  Knox  College,  Gales¬ 
burg. 

Charles  D.  Proctor,  Loyola  University, 
Chicago. 

Yale  S.  Sedman,  Western  Illinois  Uni¬ 
versity,  Macomb. 

Ben  T.  Shawver,  Monmouth  College, 
Monmouth. 

A.  F.  Silkett,  University  of  Illinois, 
Navy  Pier,  Chicago. 

research  grants:  Kenneth  A.  Van 

Lente,  Chairman,  Southern  Illinois 
University,  Carbondale. 

Eleanor  Dilks,  Illinois  State  Normal 
University,  Normal. 

Ralph  J.  Miller,  Greenville  College, 
Greenville. 

Elwood  F.  Reber,  College  Veterinary 
Medicine,  University  of  Illinois,  Ur¬ 
bana. 

Fr.  William  J.  Shonka,  St.  Procopius 
College,  Lisle. 

Elnore  Stoldt,  759  S.  Church  Street, 
Jacksonville. 

H.  F.  Thut,  Eastern  Illinois  Univer¬ 
sity,  Charleston. 

SCIENCE  talent:  Wesley  Birge,  Chair¬ 
man,  University  of  Illinois,  Urbana. 


James  S.  Ayars,  State  Natural  History 
Survey,  Urbana. 

Charles  K.  Hunt,  University  of  Illi¬ 
nois,  Chicago. 

Leo  Levatelli,  University  of  Illinois, 
Urbana. 

Virginia  M.  Schelar,  Northern  Illinois 
University,  DeKalb. 

Edward  J.  Scott,  University  of  Illinois, 
Urbana. 

Owen  York,  Illinois  Wesleyan  Univer¬ 
sity,  Bloomington. 

state  museum  building  :  W.  W.  Want- 
land,  Chairman,  Illinois  Wesleyan 
University,  Bloomington. 

R.  K.  Fiersten,  426  Reisch  Building, 
Springfield. 

Frederick  C.  Holtz,  Sangamo  Electric 
Company,  Springfield. 

Kenneth  A.  Jewell,  2125  Ridge  Ave¬ 
nue,  Evanston. 

Harlow  B.  Mills,  Natural  History  Sur¬ 
vey,  Urbana. 

Ernest  L.  Stover,  Eastern  Illinois 
University,  Charleston. 

sustaining  membership:  C.  Leplie 

Kanatzar,  Chairman,  MacMurray 
College,  Jacksonville. 

Ralph  P.  Frazier,  Monmouth  College, 
Monmouth. 

Wilbur  W.  Grimm,  Bradley  University, 
Peoria. 

Wendell  A.  Lindbeck,  Northern  Illi¬ 
nois  University,  DeKalb. 

Lyell  J.  Thomas,  University  of  Illinois, 
Urbana. 

Milton  Thompson.  Illinois  State  Mu¬ 
seum,  Springfield. 

teacher  training:  Kenneth  Damann, 
Chairman,  Eastern  Illinois  Univer¬ 
sity,  Charleston. 

E.  R.  Erickson,  Augustana  College, 
Rock  Island. 

A.  Fiances  Johnson,  Rockford  College, 
Rockford. 

Herbert  F.  Lamp,  Chicago  Teachers 
College,  Chicago. 

David  R.  Lauck,  Chicago  Academy  of 
Sciences,  2001  N.  Clark,  Chicago. 

R.  Maurice  Myers,  Western  Illinois 
University,  Macomb. 

Sister  M.  Jane  Preising,  College  of 
St.  Francis,  Joliet. 

Robert  C.  Waddell,  Eastern  Illinois 
University,  Charleston. 

Tech n ical  Person n el 

*  e;d  it  or:  Paul  C.  Silva,  University  of 

Illinois,  Urbana. 
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*  publicity  advisor:  Arthur  R.  Wild- 

hagen,  224  Illini  Hall..  University  of 
Illinois,  Urbana. 

Delegates 

*to  the  a.a.a.s.:  C.  Leplie  Kanatzar, 
MacMurray  College,  Jacksonville. 

*TO  THE  A.A.A.S.  ACADEMY  CONFERENCE: 

Elnore  Stoldt,  759  S.  Church  Street, 
Jacksonville. 

Special  Committees 

*  audit  (for  1960)  :  Stanley  E.  Harris, 

Chairman,  Southern  Illinois  Univer¬ 
sity,  Carbondale. 

Elbert  H.  Hadley,  Southern  Illinois 
University,  Carbondale. 

William  M.  Lewis,  Southern  Illinois 
University,  Carbondale. 

♦EDUCATIONAL  FILMS  EVALUATION:  MiltOll 

D.  Thompson,  Chairman,  State  Mu¬ 
seum,  Springfield. 

Joseph  Caldwell,  State  Museum, 
Springfield. 

Carlton  Condit,  State  Museum,  Spring- 
field. 

Melvin  O.  Foreman,  Eastern  Illinois 
University,  Charleston. 

Melvin  L.  Fowler,  Southern  Illinois 
University,  Carbondale. 

James  M.  Sanders,  Chicago  Teachers 
College,  Chicago. 

Walter  M.  Scruggs,  Eastern  Illinois 
University,  Charleston. 

Philip  W.  Smith,  State  Natural  His¬ 
tory  Survey,  Urbana. 

Elnore  Stoldt,  759  S.  Church  Street, 
Jacksonville. 

*  nominations  (for  1960)  :  J.  W.  Neck- 

ers,  Chairman,  Southern  Illinois 
University,  Carbondale. 

Francis  Kruidenier,  University  of  Illi¬ 
nois,  Urbana. 

W.  W.  Wantland,  Illinois  Wesleyan 
University,  Bloomington. 

♦planning  (Chairman  to  be  elected  by 
the  Committee)  :  Kenneth  E.  Da- 
mann,  Eastern  Illinois  University, 
Charleston. 

Harvey  I.  Fisher,  Southern  Illinois 
University,  Carbondale. 

John  C.  Frye,  State  Geological  Survey, 
Urbana. 

John  A.  Harrison,  State  Geological 
Survey,  Urbana. 


F.  J.  Kruidenier,  University  of  Illi¬ 
nois,  Urbana. 

N.  D.  Levine,  University  of  Illinois, 
Urbana. 

Paul  C.  Silva,  University  of  Illinois, 
Urbana. 

Robert  L.  Smith,  535  Kendall  Lane, 
DeKalb. 

W.  W.  Wantland,  Illinois  Wesleyan 
University,  Bloomington. 

♦resolutions  (for  1960)  :  Walter  M. 
Scruggs,  Chairman,  Eastern  Illinois 
University,  Charleston. 

George  E.  Ekblaw,  State  Geological 
Survey,  Urbana. 

Harold  Kaplan,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

M.  W.  Sanderson,  State  Natural  His¬ 
tory  Survey,  Urbana. 

Section  Chairmen 

(Elected  by  the  Sections) 

anthropology:  Elaine  A.  Bluhm,  Uni¬ 
versity  of  Illinois,  Urbana. 

aquatic  biology:  Arnold  W.  Fritz,  613 
S.  Plum  Street,  Havana. 

botany:  Harold  C.  Fritts,  Eastern  Illi¬ 
nois  University,  Charleston. 

chemistry:  Boris  Musulin,  Southern 

Illinois  University,  Carbondale. 

conservation:  L.  J.  Stannard,  State 

Natural  History  Survey,  Urbana. 

geography:  James  E.  Patterson,  Illinois 
State  Normal  University,  Normal. 

geology:  Jack  L.  Hough,  University  of 
Illinois,  Urbana. 

meteorology:  Stanley  A.  Changnon,  Jr., 
Illinois  State  Water  Survey,  Urbana. 

physics:  Howard  C.  Roberts,  511  W. 

Washington  Street,  Urbana. 

SCIENCE  EDUCATION,  PSYCHOLOGY,  AND  SO¬ 
CIAL  science:  Co-chairmen,  John 

Carlock  and  Harold  A.  Moore,  Illinois 
State  Normal  University,  Normal. 

zoology:  John  J.  Ketterer,  Monmouth 

College,  Monmouth. 

collegiate:  Ed  Hoeper,  4231  Park, 

Brookfield. 


*  Appointed  by  the  President  or  by  the  Council. 


JUNIOR  ACADEMY 

FILM  REVIEWS 

MILTON  D.  THOMPSON,  Chairman 

Educational  Films  Evaluation  Committee,  Illinois  State  Academy  of  Science 


1.  Acids,  Bases,  and  Salts  (Coro¬ 
net),  21  min.,  color  or  black  and 
white. 

Reviewer :  Melvin  0.  Foreman. 
Rating :  Unacceptable. 

It  presents  acceptable  animation 
in  the  first  part  of  the  film,  but  this 
is  followed  by  demonstrations  em¬ 
ploying  techniques  to  which  fresh¬ 
man  chemistry  students  objected. 
One  example  is  using  a  poorly  pre¬ 
pared  single  litmus  paper  to  test  the 
pH  of  five  different  solutions  by 
dipping  in  one  then  another.  Al¬ 
though  safety  practice  was  men¬ 
tioned  in  the  film,  one  demonstration 
pictured  the  breaking  of  an  un¬ 
wrapped  test  tube  by  placing  it  on 
an  unprotected  table  top  and  hitting 
it  with  a  hammer. 

2.  Elimination  (International 
Film  Bureau),  13  min.,  black 
and  white. 

Reviewer :  James  M.  Sanders. 
Rating :  Acceptable  for  upper 
grades  and  junior  high.  Not 
acceptable  for  senior  high 
school  or  college. 

When  a  physiologist  refers  to 
elimination,  he  usually  means  undi¬ 
gested  wastes  from  the  intestinal 
tract.  This  film  not  inaptly  refers  to 
processes  occurring  from  the  skin, 
kidney,  lungs,  and  colon.  The  ac¬ 
counts  are  very  general.  References 
to  hormone  controls,  reflex  centers, 
nerve  supply,  psychological  factors 
and  such  are  omitted. 

[83] 


3.  Eye  to  the  Unknown  (Modern 
Talking  Pictures),  33  min., 
color. 

Reviewers:  Melvin  0.  Foreman 
and  Milton  D.  Thompson. 
Rating :  Suitable  for  a  popular 
elementary  presentation,  not 
suitable  as  a  technical  instruc¬ 
tional  film. 

An  interesting  production,  typical 
of  the  better  industrial  public  rela¬ 
tions  films.  A  very  brief  description 
of  underlying  principles  precedes 
the  presentation  of  some  uses  of 
electronic-mass  spectrometry  in  med¬ 
icine,  oil  refining  and  related  fields. 
It  is  basically  a  discussion  on  a 
rather  popular  technical  level. 

4.  Gold  and  Gold  Mining 
(Bailey),  17  min.,  color. 
Reviewers :  Carlton  Condit  and 

Milton  D.  Thompson. 

Rating :  Not  recommended. 

A  colorful  and  interesting,  but 
extremely  sketchy  presentation  of 
two  methods  of  small  operation  gold 
mining.  This  film,  on  mining  and  not 
on  geology,  is  marred  by  exaggera¬ 
tion  and  over-simplification. 

5.  How  to  Collect  and  Preserve 
Pi  jANts  (Illinois  Natural  His¬ 
tory  Survey),  20  min.,  color. 
Reviewer:  Glen  Winterringer 

and  Milton  I).  Thompson. 
Rating:  Recommended  for  jun¬ 
ior  high  and  high  school  and 
nature  clubs. 
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An  excellent,  carefully  prepared 
film  on  the  methods  of  collecting 
plant  specimens  and  building  np 
personal  herbaria.  The  film  is  built, 
around  the  actual  collecting  and 
processing  of  plants  by  a  high 
school  boy.  The  film  shows  the  vari¬ 
ous  techniques  for  collecting  and 
processing,  of  identification  and  the 
methods  of  preserving  the  material. 

6.  The  Human  Body  :  Digestive 
System  (Coronet),  15  min., 
color  or  black  and  white. 
Reviewers :  James  M.  Sanders 

and  Milton  D.  Thompson. 
Rating  :  Suitable  for  junior  high 
and  high  school. 

This  simplified  version  of  diges¬ 
tion  deals  with  general  concepts  and 
explanations.  The  diagrams,  ani¬ 
mated  and  otherwise,  are  clear  and 
for  the  most  part  accurate.  The  se¬ 
quences  showing  living  actions  of 
digestive  systems  in  animals  are  im¬ 
pressive.  Especially  effective  are  the 
short  cinefluorography  revelations. 
Enzymes  are  not  mentioned  as  such 
although  i\iey  are  called  “juices.” 
There  is  no  reference  to  nervous  or 
hormonal  controls.  The  film  begins 
by  referring  to  starch  “solution”, 
which  is  unfortunate.  Starch  is  not 
digested  into  simple  sugars  in  the 
mouth.  Bile  does  not  break  down 
fat,  and  the  length  of  the  small  intes¬ 
tine  is  usually  given  as  considerably 
less  than  25  feet.  Better  films  are 
available  for  college  level. 

7.  The  Human  Body:  Reproduc¬ 
tion  System  (Coronet),  15 
min.,  color  or  black  and  white. 
Reviewers:  James  M.  Sanders 

and  Milton  D.  Thompson : 


Rating :  Very  suitable  for  junior 
high  and  high  school. 

This  film  was  prepared  with  the 
collaboration  of  Professor  John  S. 
Gray,  Chairman,  Department  of 
Physiology,  and  Albert  Wolf  man, 
Professor  of  Biological  Science,  at 
Northwestern  University.  It  treats 
the  structure  and  functions  of  the 
human  reproduction  system  in  the 
same  manner  that  you  would  treat 
any  other  body  system.  At  the  be¬ 
ginning  of  the  film  a  subtitle  recom¬ 
mends  that  it  be  shown  to  the  sexes 
separately.  After  viewing  the  film 
we  are  inclined  to  wonder  why.  The 
general  coverage  of  anatomy  and 
physiology  is  good.  The  epididymis 
was  shown  and  described  but  not 
named,  nor  was  there  any  mention 
of  placenta  or  fetal  circulation.  The 
shots  of  living  sperm  and  egg  are 
clear;  however,  the  stained  eggs  and 
sperm  failed  to  show  any  great  sig¬ 
nificant  detail. 

8.  The  Human  Body  :  Nervous 
System  (Coronet),  14  min., 
color  or  black  and  white. 
Reviewers :  James  M.  Sanders 
and  Milton  D.  Thompson. 
Rating :  Suitable  for  junior 
high,  high  school  and  ele¬ 
mentary  college  courses  re¬ 
ferring  to  the  nervous  system 
of  man. 

The  film  begins  with  a  reflex  re¬ 
sulting  from  touching  a  hot  cup. 
It  clearly  refers  to  stimuli,  respon¬ 
ses,  and  types  of  neurones,  and  gives 
an  explanation  of  each  in  a  reflex 
involving  skeletal  muscles.  The 
synapse  is  mentioned,  but  there  is 
no  attempt  to  account  for  transmis- 
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sion  across  it.  Reaction  levels  in  the 
central  nervous  system  are  brieflv 
covered.  The  account  also  refers  to 
the  nervous  control  of  automatic  in¬ 
ternal  functional  activities  by  the 
medulla  ;  the  cerebellum,  and  cere¬ 
brum  are  considered,  with  reference 
to  cortical  associative  areas  of  the 
latter.  This  film  summarizes  very 
well  the  functional  integration  of 
body  activities.  The  reviewers  seri- 
ouslv  doubt  that  stimuli  or  stimuli 
impulses  are  stored  up  in  the  asso¬ 
ciative  areas  of  the  cortex  as  sug¬ 
gested.  The  use  of  “look”  instead  of 
“appears”  continues  to  be  poor 
English.  Incidental  music  anywhere 
in  a  teaching  film  does  not  contribute 
to  its  scientific  value  in  the  class¬ 
room. 

9.  The  Human  Body:  Digestive 
System  (Coronet),  15  min., 
color  or  black  and  white. 
Collaborator:  John  S.  Gray, 
Chairman,  Department  of 
Physiology,  Medical  School, 
Northwestern  University. 
Reviewer  :  Milton  D.  Thompson. 
Rating  :  Suitable  for  high  school 
and  elementary  college  biology 
and  health  classes. 

A  well  done  but  rather  unimagina¬ 
tive  approach  to  the  digestive  sys¬ 
tem.  Uses  some  very  graphic  fluoro- 
scope  shots  to  demonstrate  the  basic 
muscular  actions  of  digestion.  Also 
presented  are  the  glands  involved, 
the  three  basic  types  of  food,  and  the 
biology  of  the  digestive  system.  As 
a  teaching  film  it  presents  more  ma¬ 
terial  than  can  be  absorbed  in  the 
short  span  of  15  minutes  unless  the 
student  already  has  had  a  back¬ 
ground  in  the  subject. 


10.  The  Human  Body  :  Skeleton 
(Coronet),  10  min.,  color  or 
black  and  white. 

Collaborator :  B.  J.  Anson,  Pro¬ 
fessor  of  Anatomy,  Medical 
School,  Northwestern  Univer¬ 
sity. 

Reviewer:  Milton  D.  Thompson. 
Rating:  Suitable  for  junior 
high,  high  school  and  ele¬ 
mentary  college  teaching. 

This  is  a  straight-forward  pres¬ 
entation  of  the  human  skeleton  and 
the  functions  of  each  major  unit. 
Each  function  is  illustrated  in  three 
ways : 

1.  with  the  human  skeleton; 

2.  with  a  motion  picture  taken 
through  a  fluoroscope ; 

3.  with  a  shot  of  a  person  per¬ 
forming  the  same  function. 

11.  I  Am  a  Doctor  (Sterling),  25 
min.,  color. 

Reviewer :  James  M.  Sanders. 
Rating:  Suitable  for  high  school 
vocational  guidance  and  for 
pre-medic  an  d  p  r  e  -  d  e  n  t  a  1 
groups. 

This  is  a  career  film  from  the 
American  Medical  Association.  It  is 
a  sentimental  approach  to  selling  a 
career  in  medicine  to  competent 
young  people.  Much  of  the  idealism 
expressed  as  well  as  the  qualifica¬ 
tions  apply  to  any  successful  pro¬ 
fessional  man  or  young  person  seek¬ 
ing  to  qualify  for  a  profession.  The 
commentary  purports  to  be  a  true 
case  of  a  practicing  physician  who 
learns  he  has  leukemia  with  perhaps 
a  year  to  live.  There  are  some  fine 
short  sequences  of  schools,  labora¬ 
tories,  operating  rooms,  research 
labs,  and  situations  encountered  in 
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medical  training  and  practice.  Many 
of  the  various  specialties  are  singled 
out  for  mention  such  as  plastic  surg¬ 
ery,  psychiatry,  and  geriatrics. 

12.  Ionization  (Coronet),  18  min., 
color  or  black  and  white. 
Reviewer:  Melvin  0.  Foreman. 
Rating :  Highly  recommended 

for  high  school  and  first  year 
college  chemistry. 

This  film  is  interesting,  informa¬ 
tive,  and  quite  accurate.  It  forms  a 
valuable  supplement  to  class  and 
laboratory  assignments. 

13.  Hydrogen  (Coronet),  15  min., 
color  or  black  and  white. 
Reviewer :  Melvin  0.  Foreman. 
Rating :  Highly  recommended 

for  high  school  and  first  year 
college  chemistry. 

This  film  is  interesting,  informa¬ 
tive  and  accurate.  It  forms  a  valu¬ 
able  supplement  to  class  and  labor¬ 
atory  assignments. 

14.  Moving  Things  on  Land 
(Churchill  Wexler),  11  min., 
color. 

Reviewers:  Melvin  0.  Foreman 
and  Milton  D.  Thompson. 
Rating :  Good  but  of  limited 
value  to  4th  and  5th  grade 
science. 

Two  young  boys  try  to  move  a 
heavy  box.  They  try  to  drag  it,  to 
move  it  on  sled  runners.  They  lubri¬ 
cate  the  road ;  they  try  rollers,  then 
wheels,  and  then  wheels  with  bear¬ 
ings.  The  role  of  friction  in  our 
everyday  life  is  well  illustrated.  Our 
principal  criticism  is  that,  except  for 
the  frictionless  sequences,  the  ma¬ 
terial  can  be  more  effectively  pre¬ 
sented  by  experiments. 


15.  The  Muscular  System  (Inter¬ 
national  Film  Bureau),  11 
min.,  black  and  white. 

Reviewer:  James  M.  Sanders. 

Rating :  Recommended  for  jun¬ 
ior  high  but  not  satisfactory 
for  senior  high  and  college. 

This  film  shows  antagonistic  ac¬ 
tion  of  muscles  very  well.  There  is 
considerable  overlap  with  the  film 
on  respiration  by  the  same  producer. 
There  was  no  mention  of  muscular 
action  in  contraction  of  the  thorax. 
Smooth  muscle  was  not  mentioned 
and  there  was  no  indication  of 
nervous  controls,  neuro-muscular 
spindles,  effects  of  epinephrine,  sig¬ 
nificance  of  fatigue  and  oxygen 
debt.  Tonus  was  briefly  explained 
without  being  named  as  such.  How¬ 
ever,  some  of  these  details  were 
mentioned  briefly  in  another  film  in 
this  Human  Biology  series. 

16.  Nitric  Acid  Compounds  and 
the  Nitrogen  Cycle  (Coro¬ 
net),  18  min.,  color  or  black  and 
white. 

Reviewer :  Melvin  0.  Foreman. 
Rating :  Highly  recommended 
for  use  in  high  school  and  first 
year  college  chemistry. 

This  film  explains  how  nitric  acid 
is  derived  in  the  laboratory  and  in¬ 
dustrially.  It  gives  its  properties  and 
uses  and  illustrates  the  nitrogen 
cycle.  This  film  is  interesting,  in¬ 
formative,  and  quite  accurate.  It 
forms  a  valuable  supplement  to  test 
and  laboratorv  assignments. 

17.  Nitrogen  and  Ammonia  (Coro¬ 
net),  16  min.,  color  or  black  and 
white. 

Reviewer :  Melvin  0.  Foreman. 
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Rating :  Suitable  only  to  sup¬ 
plement  experimental  study 
in  high  school  chemistry. 

Using  laboratory  demonstrations, 
some  of  the  properties  of  nitrogen, 
some  oxides  of  nitrogen,  nitrides, 
and  ammonia  are  shown.  The  indus¬ 
trial  manufacture  and  uses  of  am¬ 
monia  are  presented. 

18.  Prove  It  With  a  Magnifying 
Glass  (Film  Association),  10 
min.,  color. 

Reviewers:  Melvin  0.  Foreman 
and  Milton  D.  Thompson. 
Rating :  Attractive  to  primary 
and  intermediate  pupils  but 
hardly  recommended  as  a 
teaching  aid. 

This  is  a  very  elementary  film  on 
the  use  of  a  magnifying  glass.  Both 
reviewers  indicated  it  was  an  at¬ 
tractive  film  but  that  it  deals  with 
material  that  can  be  more  effectively 
presented  by  means  of  experiments. 

19.  Reptiles  and  Their  Charac¬ 
teristics  (Coronet),  11  min., 
color  or  black  and  white. 
Collaborator:  J.  Darrell  Ber¬ 
nard,  Chairman,  Department 
of  Science  and  Mathematics 
Education,  New  York  Univer¬ 
sity. 

Reviewers :  James  M.  Sanders 
and  Milton  D.  Thompson. 
Rating:  Suitable  for  intermedi¬ 
ate  and  junior  high  use.  Too 
superficial  for  high  school  or 
college  biology. 

A  very  elementary  biology  film  on 
some  of  the  basic  characteristics  of 
reptiles.  The  different  characteristics 
discussed  are  primarily  external, 
readily  observed,  characteristics.  The 
film  can  be  criticized  for  using  broad 


general  statements  and  ignoring  ex¬ 
ceptions;  for  instance,  the  Tuatara 
is  referred  to  as  a  “rare  kind  of 
lizard  ’  ’ ;  however,  later  in  the  film 
the  Tuatara  is  mentioned  in  a  more 
correct  reference. 

20.  Solutions  (Coronet),  16  min., 
color  or  black  and  white. 
Reviewer :  Melvin  0.  Foreman. 
Rating :  Suitable  as  supple¬ 
mental  material  in  high  school 
chemistry. 

The  film  gives  the  characteristics 
of  solutions  by  means  of  laboratory 
demonstrations.  Particular  emphasis 
is  given  to  factors  which  influence 
solubility.  Does  not  replace  lectures 
or  laboratory  materials. 

21.  The  History  of  the  Mourning 
Dove  (Missouri  Conservation 
Commission),  40  min.,  color. 
Reviewers :  Paul  Parmalee  and 

Milton  D.  Thompson. 

Rating:  This  is  a  controversial 
film  suitable  for  high  school 
or  above. 

A  remarkable  film  on  the  life  his¬ 
tory  of  the  Mourning  Dove  and  some 
of  the  work  done  through  the  study 
for  the  management  of  the  Mourn¬ 
ing  Dove  as  a  game  bird.  Emphasis 
is  placed  on  the  conservation  of  the 
bird  through  regulated  and  care¬ 
fully  controlled  hunting.  The  pho¬ 
tography  is  exceptional.  The  two 
reviewers  differed  in  their  opinions 
in  rating  the  film.  Dr.  Parmalee  felt 
it  was  excellent.  Mr.  Thompson  felt 
that  it  was  designed  primarily  to 
justify  hunting  and  carefully  avoid¬ 
ed  mention  of  any  facts  detrimental 
to  hunting,  such  as  the  fact  that  the 
Mourning  Dove  is  still  nesting  dur¬ 
ing  the  hunting  season  or  that  their 
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food  habits  are  primarily  beneficial 
to  agriculture. 

22.  Understanding  Our  Earth 
Glaciers  (Coronet),  10  min., 
color. 

Collaborator:  John  H.  Garland, 
Ph.D.,  Professor  of  Geogra¬ 
phy,  University  of  Illinois. 
Reviewers :  Carlton  Condit  and 
Milton  D.  Thompson. 

Rating :  Not  recommended  as  an 
educational  film  due  to  over¬ 
simplification. 

“This  film  contains  a  number  of 
errors,  such  as  comparing  the  ‘rate7 
of  snow  accumulating  and  melting 
rather  than  the  amount.  Several  un¬ 
necessary  over-simplifications  give 
the  wrong  impression.  Included 
among  many  good  scenes  are  several 
bad  and  confusing  ones.  Some  ex¬ 
amples  of  errors:  the  retreating  ice 
front  made  Niagara  Falls;  glaciers 
deposited  deep  soil  ‘ice  flows.7  These 
errors  make  it  unsatisfactory  for 
showing  to  any  grade.77  C.  C. 

23.  Understanding  Our  Earth: 
How  the  Surface  Changes 
(Coronet),  10  min.,  color. 
Reviewers :  Carlton  Condit  and 

Milton  D.  Thompson. 

Rating :  Satisfactory  for  inter¬ 
mediate  and  junior  high 
levels. 

This  is  a  simple  straight-forward 
explanation  of  the  principal  causes 
of  earth  changes,  especially  wind 
and  water.  It  separates  those  forces 
which  contribute  to  the  building  up 
of  land  area  from  those  that  erode 
and  tear  down  land  areas.  It  also 
deals  briefly  with  the  internal  forces 
of  the  earth,  such  as  vulcanism.  A 
careful  exposition  of  the  elements  of 


the  subject,  as  much  as  the  film 
allows,  with  good  homely  touches  as 
examples. 

24.  Understanding  Our  Earth: 
Rocks  and  Minerals  (Coro¬ 
net),  10  min.,  color. 
Collaborator:  John  G.  Read, 
Educational  Director,  Pro¬ 
fessor  of  Science  Education, 
Boston  University. 

Reviewers :  Carlton  Condit  and 
Milton  D.  Thompson. 

Rating:  Unsatisfactory  as  an 
educational  film. 

‘  ‘  This  is  another  example  of  a 
very  well-prepared  educational  film 
which  is  filled  with  scientific  inac¬ 
curacies  and  misinformation.  Defin¬ 
itely  not  acceptable  for  our  collection 
and  rejected.77  M.D.T. 

“This  film  is  entirely  unaccept¬ 
able.  It  includes  a  number  of  actual 
errors,  such  as  calling  magma  lava 
and  stating  that  igneous  rocks  are 
‘fire-made.7  Manv  other  statements 
convey  the  wrong  impression,  such 
as  these :  ‘ .  .  .  .  sometimes  streams 
carry  stones  and  mix  them  in  great 
masses  with  sand  and  clay, 7  and 
‘.  ...  as  layers  of  rock  are  pushed 
up  [into  mountains]  others  are 
buried  deep  beneath  them.7 

Many  errors  of  presentation  are 
present.  The  diagrams,  especially 
those  dealing  with  intrusion  and 
diastrophism,  are  poorly  done ;  a 
fossil-bearing  siltstone  or  shale  is 
shown  as  conglomerate ;  and  one  im¬ 
pression  of  a  seed  fern  is  called  a 
fern.  Finally,  in  a  chart  near  the 
end  of  the  picture,  several  rock 
names  are  introduced  that  are 
nowhere  else  even  mentioned  in  the 
film.77  C.C. 
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25.  Water  for  the  Community 
(Coronet),  10  min.,  color  or 
black  and  white. 

Reviewers :  James  M.  Sanders 
and  Milton  D.  Thompson. 
Rating :  Recommended  for  in¬ 
termediate  and  junior  high 
nse. 

Collaborator:  Robert  Stollberg, 
Ed.D.,  Professor  of  Physical 
Science,  San  Francisco  State 
College. 

“This  is  a  general  science  and 
social  studies  film  on  the  step-by- 
step  procedure  by  which  most  com¬ 
munities  obtain  water  and  make  it 
ready  for  use.  It  suggests  that  most 
communities  have  sufficient  water 

available.  It  does  not  discuss  anv  of 

«/ 


the  pressing  problems  of  conserva¬ 
tion  of  water  so  vital  in  all  growing 
communities  today.  The  film  is  con¬ 
cise,  generally  accurate.  However,  in 
the  section  on  water  treatment,  the 
reference  to  fluoridation  is  so  casual 
it  could  have  been  missed  by  a  child 
who  stooped  to  pick  up  a  pencil. 
Even  in  a  children’s  film,  Mad  taste’ 
meaning  ‘ unpleasant  flavor’  seems 
unjustified.  An  error  of  fact  was  the 
sequence  dealing  with  algae  in  which 
amoebae  were  used  as  the  illustrative 
organism  rather  than  the  evilly 
flavored  photoflagellates.  Another 
unfortunate  impression  left  was 
that  all  dissolved  minerals  cause 
‘hardness’  and  ‘unpleasant 
flavors.’  ”  J.M.S. 


GUIDING  PRINCIPLES  IN  THE  USE  OF  ANIMALS 
BY  SECONDARY  SCHOOL  STUDENTS  AND 
SCIENCE  CLUB  MEMBERS 


(Adopted  by  the  National  Academy  of  Sciences — National  Research 
Council,  Institute  of  Laboratory  Animal  Resources) 


1.  The  basic  aim  of  scientific  stud¬ 
ies  that  involve  animals  is  to 
achieve  an  understanding  of 
life,  and  to  advance  our  knowl¬ 
edge  of  the  processes  of  life. 
Such  studies  lead  to  a  respect 
for  life. 

2.  A  qualified  adult  supervisor 
must  assume  primary  responsi¬ 
bility  for  the  purposes  and  con¬ 
ditions  of  any  experiment  that 
involves  living  animals. 

3.  No  experiment  should  be  under¬ 
taken  that  involves  anesthetic 
d  rugs,  surgical  procedures, 
pathogenic  organisms,  toxicolo¬ 
gical  products,  carcinogens,  or 
radiation  unless  a  biologist, 
physician,  dentist,  or  veterin¬ 
arian  trained  in  the  experi¬ 
mental  procedure  involved  as¬ 
sumes  direct  responsibility  for 
the  proper  conduct  of  the  ex¬ 
periment. 

4.  Any  experiment  must  be  per¬ 
formed  with  the  animal  under 
appropriate  anesthesia  if  the 


pain  involved  is  greater  than 
that  attending  anesthetization. 

5.  The  comfort  of  the  animal  used 
in  any  study  shall  be  a  prime 
concern  of  the  student  investi¬ 
gator.  Gentle  handling,  proper 
feeding,  and  provision  of  ap¬ 
propriate  sanitary  quarters 
shall  be  strictly  observed  at  all 
times.  Any  experiment  in  nutri¬ 
tional  deficiency  may  proceed 
only  to  the  point  where  symp¬ 
toms  of  the  deficiency  appear. 
Appropriate  measures  shall  then 
be  taken  to  correct  the  defici¬ 
ency,  or  the  animal  killed  by 
humane  methods. 

6.  All  animals  used  must  be  law¬ 
fully  acquired  in  accordance 
with  state  and  local  laws. 

7.  Experimental  animals  should 
not  be  carried  over  school  vaca¬ 
tion  periods  unless  adequate 
housing  is  provided  and  a  quali¬ 
fied  caretaker  is  assigned  specific 
duties  of  care  and  feeding. 
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THE  INFLUENCE  OF  IRRIGATION  UPON  GROWTH 
AND  YIELD  OF  STRAWBERRIES 

ROY  K.  SIMONS 
University  of  Illinois,  Ur~bana 


Responses  of  two  varieties  of  straw¬ 
berries  growing  nnder  two  levels 
of  soil  moisture  were  recorded  for 
the  growing  seasons  of  1956,  1957, 
1958  and  1959  at  the  University  of 
Illinois  Agricultural  Experiment 
Station,  Urbana.  Substantially  vi¬ 
rus-free  plants  of  Howard  17  (Pre¬ 
mier)  and  Vermilion  strawberries 
were  planted  in  the  spring  of  1955 
to  determine  the  effects  of  varied 
soil  moisture  levels  upon  yield  and 
quality  of  the  fruit  under  midwest 
growing  conditions.  Varietal  re¬ 
sponses,  total  yield,  harvest  periods, 
weight  per  berry,  total  number  of 
berries  per  harvest,  soluble  solids 
and  pH  of  the  juice  have  been  re¬ 
ported  previously  (Simons,  1958). 
The  yield  data  compiled  for  harvest 
seasons  of  1956,  1957,  1958  and  1959 
were  analyzed  statistically  by  the 
methods  of  analysis  of  variance  with 
all  treatment  comparisons  made  on 
an  individual  degree  of  freedom 
basis. 

Soil  Moisture  Utilization  toy  Straw¬ 
berries.  Soil  samples  were  collected 
from  the  rows  and  row  middles  of 
each  variety  at  the  1-3  and  6-8  inch 
depths  for  soil  moisture  evaluation 
by  the  gravimetric  method.  The 
irrigated  plots  were  compared  with 
the  non-irrigated  plots  with  a  total 
of  three  replications  for  each  sam¬ 
ple  observed.  These  plots  were  se¬ 
lected  from  the  original  planting 
that  consisted  of  randomized  com¬ 
plete  blocks,  with  six  replications  in¬ 
tended  to  be  low,  medium  and  high 
in  moisture  levels  for  each  variety. 


However,  as  a  result  of  the  amount 

and  frequency  of  natural  rainfall, 

the  moisture  levels  were  essentiallv 

*/ 

non-irrigated  and  irrigated. 

Additional  water  was  applied  to 
the  irrigated  plots  of  strawberries 
for  five  growing  seasons  when  the 
upper  6-8  inches  of  the  soil  profile 
was  below  field  capacity  in  moisture 
content  (Table  1). 

Table  1  shows  such  frequent  ap¬ 
plications  of  water  that  rainfall 
alone  would  have  been  insufficient 
for  successful  strawberry  produc¬ 
tion.  Soil  moisture  records  at  the 
two  depths  were  similar  for  both 
varieties  in  each  year.  In  some  in¬ 
stances  all  the  rain  fell  at  one  time 
and  proper  utilization  of  moisture 
by  the  plant  was  not  possible.  This 
is  recorded  in  Figure  1  when  rain¬ 
fall  was  infrequent  throughout  the 
1957  growing  season.  Response  of 
berries  to  sufficient  and  insufficient 
moisture  levels  during  the  critical 
period  of  fruit  bud  formation  in 
August,  September  and  October  was 
particularly  evident  in  the  foliage 
and  in  fruit  production  the  follow¬ 
ing  spring.  The  increase  in  yield 
for  Vermilion  in  1959  is  attributed 
to  the  two  applications  of  water  in 
September  and  October  1958. 

Figures  1,  2  and  3  show  the  rain¬ 
fall  and  the  soil  moisture  levels  for 
irrigated  and  non-irrigated  Ver¬ 
milion  plots  at  the  6-8  inch  depths 
in  the  row  during  the  1957,  1958  and 
1959  growing  seasons.  Shallow 
depths  of  1-3  inches  produced  rapid 
fluctuations,  but  significantly  higher 
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Table  1. — Amount  of  water  applied  to  the  irrigated  plots  of  strawberries 

for  five  growing  seasons. 


Year  Amount  of  water  applied  (acre  inches) 


July  2  .  1.46 

Aug.  19  .  1.63 

1955  Aug.  24-26  .  1.05 

Sept.  1-2 . 94 

Sept.  6-9 . 83 

Sept.  17  . 97 


May  26  . 1.55 

June  6 .  1.08 

June  9 .  1.58 

1956  June  13 . 55 

July  2 . 64 

Sept.  14  . 86 

Oct.  12  .  1.04 


May  18  .  2.44 

May  26  .  2.25 

May  29  .  1.58 

June  26 .  1.11 

July  12  .  1.21 

1957  Aug.  1 .  1.03 

Aug.  2 .  1.23 

Aug.  9 .  1.42 

Aug.  16 .  1.90 

Aug.  23 .  1.80 

Sept.  6  . 87 

Sept.  17  .  1.56 


1958  Sept.  12  .  1.50 

Oct.  22  .  1.61 


May  7  .  1.96 

June  5  .  1.77 

June  19  .  1.98 

June  26  .  1.60 

1959  June  29  .  1.53 

July  6  . 3.21 

July  16  .  2.41 

July  23 . 2.98 

Aug.  7 .  3.14 

Sept.  9  . 2.03 


Table  2. — Yield  (quarts/acre)  of  Howard  Premier  and  Vermilion  strawberries, 
1956,  1957,  1958  and  1959,  as  affected  by  irrigation. 


Year 

Variety 

Noil-irrigated 

Irrigated 

%  increase 

1956 

Howard  Premier  . 

. 7,230 

8,885 

22.8 

Vermilion  . 

. 7,492 

10,192 

26.7 

1957 

Howard  Premier . 

. 5,706 

6,511 

14.1 

Vermilion  . 

. 6,141 

7,644 

24.5 

1958 

Howard  Premier . 

. 5,818 

6,378 

9.6 

Vermilion  . . 

. 5,538 

8,167 

47.4 

1959 

Howard  Premier  . 

. 4,556 

4,686 

2.8 

Vermilion  . 

. 6,639 

7,518 

13.2 
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IRRIGATED 


NON  IRRIGATED 


Fig.  1. — Soil  moisture  in  the  row  at  6-8  inch  depth  for  Vermilion — irrigated 
vs.  non-irrigated,  1957. 


moisture  content  was  retained  in  the 
irrigated  plots.  However,  when  the 
soil  moisture  at  the  1-3  inch  depth 
was  compared  with  that  at  the  6-8 
inch  depth,  there  was  a  general  ten¬ 
dency  for  the  6-8  inch  depth  to  have 
a  higher  soil  moisture  content 
throughout  the  growing  season. 

Since  the  Vermilion  berry  re¬ 
sponded  significantly  to  additional 
water,  the  levels  of  natural  soil 
moisture  supply  would  have  to  be 
classified  as  insufficient  for  plant 
performance.  For  example,  a  47.4% 
increase  in  yield  was  accomplished 
in  1957  by  adding  irrigation  water. 
The  plants  that  were  not  irrigated 
did  not  produce  sufficient  runners 
for  commercial  production  of  straw¬ 
berries. 

Du  ring  the  1959  harvest  season, 
it  was  observed  that  Vermilion  in¬ 


creased  13.2%  when  water  was  ap¬ 
plied  and  Howard  Premier  by  only 
2.8%  (Table  2).  The  soil  moisture 
trends  for  the  1958  season  show  that 
Vermilion  was  in  the  deficit  moisture 
range  during  early  September 
through  October  at  a  critical  time 
when  fruit  buds  were  developing. 
The  increased  yield  of  Vermilion 
from  the  irrigated  plots  in  1959  was 
an  indication  of  this  deficiency. 

The  1959  data  show  the  effects 
of  adding  supplemental  water  to 
these  strawberry  plots  (Fig.  3).  The 
soil  moisture  was  in  the  deficit  range 
from  early  June  throughout  the  re¬ 
mainder  of  the  growing  season. 
Field  observations  of  these  plants 
show  that  they  were  low  in  vigor; 
little  or  no  runner  production  was 
made  after  renovation  in  June. 
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Table  3. — Average  berry  weight  (grams)  of  Howard  Premier  and  Vermilion 
strawberries,  1956,  1957,  1958  and  1959,  as  affected  by  supplemental  irrigation. 


Non-irrigated 

♦ 

Irrigated 

Variety 

1956 

1957 

1958 

1959 

1956 

1957 

1958 

1959 

Howard  Premier . 

Vermilion . 

6.43 

6.95 

5.90 

6.86 

5 . 75 
7.83 

5.45 

7.56 

6.04 

6.61 

5.56 

6.83 

6.96 

8.90 

5.42 

7.37 

Table  4. — Average  berry  weight  (grams)  of  Howard  Premier  and  Vermilion 
strawberries  for  three  harvest  seasons  of  19571,  1958-,  and  1959s. 


Variety 

Period 

Howard  Premier 

Vermilion 

1957 

1958 

1959 

1957 

1958 

1959 

1..  . . . . 

7.8 

9.0 

8.4 

9.7 

12.9 

12.6 

2 . 

5.7 

6.6 

6.0 

6.7 

8.0 

7 . 7 

3 . 

3.5 

3.7 

3.0 

4.2 

4.7 

3.5 

1  Period  1.  Pickings  1  &  2.  Period  2.  Pickings  3,  4  &  5.  Period  3.  Pickings  6  &  7. 

2  Period  1.  Pickings  1  &  2.  Period  2.  Pickings  3,  4,  5,  &  6.  Period  3.  Pickings  7  &  S. 

3  Period  1.  Pickings  1  &  2.  Period  2.  Pickings  3  &  4.  Period  3.  Pickings  5  &  6. 


Yield  Response  for  Four  Harvest 
Seasons.  Data  from  the  four  ex¬ 
perimental  years  showed  significant 
increases  in  total  yield  for  the  berry 
plots  that  received  supplemental 
moisture.  Total  yield  for  the  har¬ 
vest  seasons  of  1956,  1957,  1958  and 
1959  is  shown  in  Table  2. 

The  yield  for  1956  and  1957 
showed  a  marked  response  to  the 
application  of  supplemental  water. 
A  highly  significant  response  was 
noted  in  both  varieties  between  the 
n  on-irrigated  and  irrigated  plots  in 
1956  and  1957.  For  1958,  Vermilion 
responded  with  a  47.4%  increase 


when  additional  water  was  applied. 
Again,  a  significantly  greater  re¬ 
sponse  to  irrigation  was  recorded 
by  Vermilion  than  by  Howard  Pre¬ 
mier  in  the  1959  harvest  season.  It 
is  evident  that  each  variety  respond¬ 
ed  significantly  to  irrigation,  but 
greater  increases  were  noted  for  Ver¬ 
milion.  The  interaction  between  ir¬ 
rigation  and  varieties  was  statistical¬ 
ly  significant. 

Total  weight  of  fruit  harvested 
for  the  four  harvest  years  was  sig¬ 
nificantly  greater  from  plants  where 
supplemental  irrigation  had  been 
applied  during  the  preceding  grow- 
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ing  season.  Distinct  differences  were 
recorded  between  the  two  varieties, 
Vermilion  significantly  yielding 
more  than  Howard  Premier  in  all 
the  treatments. 

Average  berry  weight  is  of  con¬ 
siderable  importance  in  successful 
strawberry  production.  The  data  in 
Table  3  show  the  differences  between 
Howard  Premier  and  Vermilion  va¬ 
rieties  of  berries  for  the  harvest  sea¬ 
sons  of  1956,  1957,  1958  and  1959. 

Irrigation  did  not  have  any  effect 
upon  size  of  the  berries  for  the  1956 
and  1957  harvest  seasons  but  there 
was  a  response  for  1958.  This  may 
be  explained  by  the  lack  of  water 
in  August,  September  and  earty 
October  of  the  preceding  year  at  the 
time  of  fruit  bud  formation.  This 
is  a  carry-over  effect  of  the  addi¬ 
tional  water  that  was  applied  dur¬ 
ing  October  1957  when  severe 
drought  conditions  occurred.  The 
contributing  factor  for  increased 
yields  in  response  to  irrigation  was 
the  greater  fruiting  potential  as  a 
result  of  an  increased  number  of 
fruit  buds  following  application  of 
additional  water  the  preceding  year. 

Definite  differences  in  berry  size 
are  recorded  between  these  two  va¬ 
rieties.  Vermilion  produced  the  lar¬ 
gest  berry  under  both  conditions 
each  year.  Comparisons  of  the  two 
varieties  during  the  three  picking 
periods  for  1957,  1958  and  1959  are 
shown  in  Table  4. 

The  data  in  Table  4  show  that 
the  Vermilion  variety  maintained 
larger  berries  than  Howard  Premier 
throughout  the  harvest  periods  dur¬ 
ing  the  three  years  they  were 
studied.  Less  effort  was  expended 
in  the  harvesting  and  a  higher  price 
could  be  expected  in  marketing  the 


fruit.  This  shows  how  important 
it  is  to  choose  a  variety  that  will 
maintain  berry  size  throughout  the 
harvest  season.  Berry  size  for  peri¬ 
od  3  as  recorded  in  Table  4  is  not 
commercially  feasible  as  the  berries 
are  too  small  for  a  profitable  return. 

The  number  of  berries  produced 
is  not  indicative  of  the  size  of  the 

yield.  Under  desirable  moisture  con- 

«/ 

ditions  (the  irrigated  plots),  How¬ 
ard  Premier  produced  the  most 
berries  for  1956  and  1957  but  did 
not  equal  Vermilion  in  berry  size 
or  in  number  of  quarts.  However, 
for  1958,  Vermilion  produced  more 
berries  as  well  as  larger  berries  and 
the  greater  number  of  quarts. 

Summary 

Howard  17  (Premier)  and  Ver¬ 
milion  strawberries  were  studied  for 
four  harvest  seasons  in  order  to  de¬ 
termine  the  effects  of  varied  soil 
moisture  levels  upon  yield  and  qual- 
ity^  of  the  fruit.  Responses  for  each 
variety  were  recorded,  including  to¬ 
tal  yield,  harvest  periods,  weight 
per  berry  and  total  number  of  ber¬ 
ries  per  harvest. 

Rainfall  was  too  infrequent  for 
successful  strawberry  production. 
Supplemental  moisture  applied  dur¬ 
ing  critical  periods  of  fruit  bud  for¬ 
mation  resulted  in  significant  yield 
increases.  Soil  moisture  at  the  6-8 
inch  depth  was  greater  and  persisted 
longer  for  more  effective  plant 
growth  than  relying  on  the  moisture 
content  at  the  1-3  inch  depth. 

Both  varieties  of  strawberries  pro¬ 
duced  significantly  higher  yields 
when  irrigated.  The  irrigated  plots 
produced  berries  of  greater  size. 
Yields  were  greater  for  Vermilion 
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than  for  Howard  Premier.  When 
supplemental  moisture  was  applied 
at  necessary  intervals,  the  Vermil¬ 
ion  berry  produced  good  commercial 
yields  and  the  berries  were  larger 
than  Howard  Premier  throughout 
the  harvest  season. 
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BIOLOGICAL  AVAILABILITY  TO  THE  RAT  OF  IRON 
AND  COPPER  FROM  VARIOUS  COMPOUNDS 

A.  H.  NESBIT  and  W.  P.  ELMSLIE 

Moorman  Manufacturing  Company,  Quincy 


Introduction 

Trace  minerals  for  livestock  feed¬ 
ing  have  become  an  accepted  part  of 
modern  feeds.  Availability  of  these 
nutrients  to  the  animal  from  various 
sources  has  been  studied  in  our  labo¬ 
ratory  for  many  years.  Elmslie  et 
al.  (1942)  published  on  the  avail¬ 
ability  of  manganese,  cobalt  and  cop¬ 
per  in  new  sources  of  these  mineral 
elements. 

Among  the  various  problems  fac¬ 
ing  the  feed  nutritionist  is  the  sta¬ 
bility  of  certain  fat  soluble  vitamins, 
particularly  vitamins  A  and  D.  It 
has  been  well  established  by  a  num¬ 
ber  of  investigators  that  the  stabil¬ 
ity  of  these  vitamins  is  affected  by 
the  trace  elements  added  to  the  diet. 

Fritz  et  al.  (1942)  found  mineral 
mixtures  to  be  destructive  to  vita¬ 
min  D.  Halverson  and  Hart  (1950) 
demonstrated  a  rapid  destruction  of 
vitamin  A  induced  by  adding  iron, 
copper,  cobalt  and  manganese  to  an 
unsealed  white  corn  sample  contain¬ 
ing  added  cod  liver  oil.  Destruction 
was  largely  prevented  when  the  min¬ 
erals  were  covered  by  a  gelatin  mix¬ 
ture.  Halverson  and  Hendrick 
(1955)  demonstrated  an  even  greater 
loss  of  vitamin  A  when  the  trace 
minerals  were  added  at  higher  levels 
as  in  a  feed  concentrate.  Kamstra 
et  al.  (1953)  found  that  carotene 
stability  was  also  affected  by  trace 
minerals. 

In  these  cases  cited,  the  trace  min¬ 
erals  were  added  in  the  form  of 
either  the  sulfate  or  the  chloride 


which  are  water-soluble.  In  an  at¬ 
tempt  to  prevent  this  destruction, 
some  commercial  manufacturers  of 
trace  mineral  premixes  have  utilized 
the  water-insoluble  forms.  In  this 
series  of  experiments  we  attempted 
to  measure  the  relative  biological 
availability  of  some  of  the  water- 
insoluble  forms  of  trace  elements 
claimed  to  improve  vitamin  stability. 

Experimental  Procedure — Iron 
Availability  Studies 

Two  experiments  using  albino  rats 
were  conducted  to  study  the  relative 
availability  of  iron  from  ferrous  car¬ 
bonate,  ferrous  sulphate  and  metallic 
iron.  In  both  trials  essentially  the 
same  experimental  procedure  was 
followed.  Pregnant  females  were 
placed  in  clean,  freshly  painted  litter 
cages  shortly  before  parturition.  The 
cages  were  equipped  with  a  wire 
floor  and  a  board  covering  one-half 
of  the  wire  with  cotton  for  bedding. 

Milk  was  used  as  the  basic  ration 
for  the  anemia  studies,  since  it  is 
almost  devoid  of  iron,  which  is  es¬ 
sential  to  the  production  of  the 
hemoglobin  molecule.  Only  fresh 
milk  was  offered  to  the  female  in 
the  cage  in  addition  to  water.  There¬ 
fore,  once  a  day  she  was  removed 
to  a  separate  cage  for  dry  food.  After 
being  allowed  to  eat  for  approxi¬ 
mately  one  hour,  she  was  brushed 
thoroughly  to  remove  excess  dry 
feed  and  returned  to  the  litter  cage. 

At  21  days  the  young  were  weaned 
and  placed  in  individual  cages.  Each 
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rat  was  fed  daily  1  g.  of  mineralized 
dried  milk  containing  0.05  mg.  of 
copper  and  0.04  mg.  of  manganese. 
After  the  dried  milk  supplement  was 
consumed,  fresh  cow’s  milk  was  sup¬ 
plied  ad  lib.  Hemoglobin  and  red 
blood  cell  counts  were  obtained  ac¬ 
cording  to  standard  procedures  at 
weekly  intervals.  Blood  samples 
were  obtained  from  the  tail  of  the 
rat  by  splitting  the  vein  with  a  sharp 
scalpel.  Blood  flow  could  be  easily 
stopped  by  pressure  placed  over  the 
wound.  After  three  weeks  on  the 
milk  diet  the  rats  were  sufficiently 
anemic  to  be  assigned  the  various 
treatment  procedures  for  repletion 
feeding.  The  animals  were  distrib¬ 
uted  among  the  various  treatments 
according  to  litter,  weight,  sex  and 
blood  picture.  Supplementary  iron 
was  supplied  in  the  mineralized 
dried  milk  supplement  at  the  rate  of 
0.2  mg.  of  iron  per  rat  per  day. 

Results — Iron  Availability 
Studies 

In  Experiment  614  ferrous  sul¬ 
phate  and  ferrous  carbonate  were 
compared  for  hemoglobin  and  red 
blood  cell  regeneration  in  the  rat. 
Iron  deficiency  anemia  is  described 
as  microcytic  hypochromic  in  nature. 
The  normal  rat  three  weeks  post- 
weaning  should  have  a  hemoglobin 
level  in  the  neighborhood  of  13  g. 
per  100  cc  of  blood  and  a  red  blood 
cell  count  of  from  8  to  10  million 
cells  per  cubic  millimeter.  At  three 
weeks  post-weaning  these  rats  ex¬ 
hibited  a  typical  blood  picture  of 
iron  deficiency  anemia.  After  12 
days  of  repletion  feeding  at  the  rate 
of  0.2  mg.  of  iron  per  rat  per  day, 
the  rats  receiving  their  iron  in  the 
form  of  ferrous  sulphate  increased 


hemoglobin  129%  over  their  initial 
level  while  the  rats  supplemented 
with  ferrous  carbonate  increased 
only  26%.  The  increases  in  red 
blood  cells  were  in  the  same  direc¬ 
tion  (Table  1). 

In  Experiment  716  ferrous  sul¬ 
phate,  ferrous  carbonate  and  finely 
divided  metallic  iron  were  compared. 
Again  ferrous  sulphate  increased  the 
hemoglobin  121%  while  ferrous  car¬ 
bonate  increased  it  only  35%  and 
metallic  iron  67%  in  two  weeks  of 
repletion  feeding.  The  red  blood 
cells  follow  the  same  pattern  except 
that  the  metallic  iron  in  this  case 
was  equal  to  ferrous  sulphate  (Table 
2). 

Experimental  Procedure — 

Copper  Availability  Studies 

In  the  copper  work  a  different 
technique  was  employed  instead  of 
the  direct  approach  used  in  previous 
studies  (Elmslie  et  al.,  1942)  which 
had  been  based  upon  the  requirement 
of  the  rat.  The  present  method  in¬ 
volved  high  level  supplementation, 
with  storage  of  copper  in  the  liver 
as  the  criterion  of  availability.  Boy- 
den  et  al.  (1938)  observed  consider¬ 
able  liver  storage  of  copper  when 
rats  were  fed  a  diet  containing  500 
ppm  of  copper  with  no  substantial 
reduction  in  food  consumption.  This 
finding  served  as  a  guide  in  the  de¬ 
sign  of  our  experiment. 

The  regular  colony  ration  was 
used  as  the  basal  diet.  This  diet 
was  formulated  from  natural  feed 
ingredients  and  contained  some  cop¬ 
per  from  these  sources.  To  this 
basal  ration  supplementary  levels  of 
copper  were  added.  Copper  sulphate 
(25%%  Cu)  to  furnish  125,  250  and 
500  mg.  of  copper  per  kilogram  of 
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Table  1. — Experiment  614.  Ferrous  sulphate  vs.  ferrous  carbonate  for  hemoglobin 
and  red  blood  cell  regeneration  in  the  iron  deficient  rat. 


Number  of  rats . 

Blood  picture,  3  weeks  depletion  post-weaning 

Ave.  red  blood  cells/mm.3 . 

Ave.  hemoglobin  g./lOO  cc  blood . 

Blood  picture,  12  days  repletion 
(0.2  mg  Fe/rat/day) 

Ave.  red  blood  cells/mm.3 . 

%  Increase  . 

Ave.  hemoglobin  g./lOO  cc  blood . 

%  Increase  . 


Ferrous 

Sulphate 

6 


4,510,000 

4.25 


8,070,000 

78.9 

9.74 

129.1 


Ferrous 

Carbonate 

6 


5,090,000 

4.24 


6,000,000 

17.8 

5.35 

26.1 


Table  2. — Experiment  716.  Comparison  of  ferrous  sulphate,  ferrous  carbonate  and 
metallic  iron  for  hemoglobin  and  red  blood  cell  regeneration  in  the  iron  deficient  rat. 


Ferrous 

Sulphate 

Ferrous** 

Carbonate 

Metallic 

Iron 

Number  of  Rats  . 

6 

5* 

6 

Blood  picture,  3  weeks  depletion 
post-weaning 

Ave.  red  blood  cells/'mm.3 . 

Ave.  hemoglobin  g./lOO  cc  blood. . 

.  .  .4,320,000 

5.96 

4,000,000 

6.23 

4,060,000 

5.87 

Blood  picture  2  weeks  repletion 
(0.2  mg  Fe/rat/day) 

Ave.  red  blood  cells/mm.3 . 

%  Increase  . 

Ave.  hemoglobin  g./lOO  cc  blood.  .  , 
%  Increase  . 

.  .  .6,540,000 

51.3 

13.18 

.  .  .  121.1 

5,180,000 

29.5 

8.43 

35.3 

6.180,000 

52.2 

9.84 

67.6 

*  One  animal  developed  pneumonia,  removed  from  test. 
**  Different  source  of  supply  from  Experiment  614. 


diet  served  as  the  control.  Copper 
oxide  (83.7%  Cu),  copper  pyrophos¬ 
phate  (16.2%  Cu)  and  copper  con¬ 
centrate  (74.1%  Cu)  were  added  to 
furnish  copper  levels  of  250  and  500 
mg.  per  kilogram  of  diet.  After 
four  weeks  of  feeding,  the  animals 
were  sacrificed  and  the  liver  re¬ 
moved,  weighed  and  analyzed  for 
copper. 

Results — Copper  Availability 
Studies 

In  the  copper  studies,  Experiment 
732,  liver  copper  levels  ranged  from 
75  /xg.  per  liver  on  the  basal  diet, 
which  may  be  considered  a  “nor¬ 
mal”  ration,  to  over  1500  /xg.  per 


liver  at  the  500  mg.  of  copper  level 
furnished  by  copper  sulphate.  At 
the  500  mg.  level  from  copper  pyro¬ 
phosphate,  copper  oxide  and  the 
copper  concentrate,  the  livers  con¬ 
tained  on  the  average  only  400,  180 
and  260  /xg.  of  copper,  respectively 
(Table  3).  It  is  obvious  that  these 
compounds  are  much  less  available 
than  copper  sulphate  as  measured 
by  the  liver  storage  technique. 

Since  there  was  some  variation 
in  the  actual  copper  intakes,  avail¬ 
ability  was  calculated  on  the  basis 
of  intake  rather  than  the  concen¬ 
tration  in  the  diet.  Using  the  graphi¬ 
cal  method  of  estimation  and  as¬ 
suming  copper  sulphate  to  be  100% 
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Table  3. — Experiment  732.  Liver  copper  levels  in  the  rat  fed  copper  from  various 

sources  and  relative  availability  of  copper. 


Copper 

Added 

(mg. /kg.  diet) 

Ave.  Total 
Gain  Per 
Rat 
(g-) 

Suppl. 

Copper 

Intake/Rat 

(mg.) 

*Total 
Copper 
Per  Liver 
U  g.) 

%; 

Avail¬ 

ability 

Basal  Control 

None 

118.7 

None 

74.5 

Copper  sulphate . 

125 

113.5 

44.0 

215.7 

)  100 

Copper  sulphate . 

250 

120.7 

95.5 

304.0 

[ . 

Copper  sulphate . 

500 

118.7 

178.0 

1,517.7 

J . 

Copper  pyrophosphate. 

250 

117.0 

94.5 

221.5 

1  49 

Copper  pyrophosphate . 

500 

121.0 

191.0 

404.0 

J . 

Copper  oxide . 

250 

113.5 

95.6 

111.5 

1  27 

Copper  oxide . 

500 

124.2 

204.0 

181.7 

j . 

Copper  concentrate .... 

250 

127.0 

120.0 

185.7 

1  34 

Copper  concentrate .... 

500 

126.0 

204.0 

261.0 

j . 

*  Average  of  4  rats  on  each  treatment.  Livers  were  analyzed  individually. 


available,  copper  pyrophosphate  ap¬ 
pears  to  be  49%,  copper  oxide  27% 
and  the  copper  concentrate  34% 
available  under  the  conditions  of 
this  experiment.  As  in  most  biologi¬ 
cal  tests,  considerable  variation  and 
uncertainties  exist ;  therefore,  the 
availability  percentages  assigned 
serve  merely  as  a  relative  ranking 
with  respect  to  copper  sulphate, 
rather  than  as  exact  percentages. 

Discussion 

Under  our  conditions  with  the  par¬ 
ticular  basal  diets  used,  the  carbon¬ 
ate  form  of  iron  is  relatively  un¬ 
available  for  the  iron-deficient  rat. 
For  maximum  rate  of  hemoglobin 
and  red  blood  cell  regeneration  in 
the  rat  it  appears  that  ferrous  sul¬ 
phate,  a  water-soluble  form  of  iron, 
is  more  efficient  than  the  other 
sources  of  iron  used  in  this  study. 


This  may  not  necessarily  be  true 
for  other  species,  such  as  poultry. 

It  is  quite  possible  that  copper 
availability  may  be  influenced  by 
the  kind  of  diet  used  or  the  species 
of  animals  concerned.  Unpublished 
work  from  our  laboratory  indicates 
that  poultry  may  utilize  copper  oxide 
more  efficiently  than  does  the  rat. 
Under  certain  conditions  in  prac¬ 
tical  livestock  feeding  water-insolu¬ 
ble  sources  of  copper  may  be  as  satis¬ 
factory  or  more  so  than  the  readily 
soluble  salts.  Becker  et  al.  (1953) 
reported  that  5  g.  of  copper  sulphate 
fed  daily  to  a  500  lb.  steer  was  toxic 
with  death  occurring  after  122  days 
of  feeding.  An  equivalent  amount 
of  copper  from  copper  oxide  was  fed 
to  two  500  lb.  steers  daily  for  15 
months  without  observing  toxicity. 
Our  data  suggest  that  the  relative 
toxicity  of  copper  oxide  and  copper 
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sulphate  may  be  due  to  their  rela¬ 
tive  availability  of  copper  but  does 
not  exclude  the  possibility  that  the 
rate  at  which  copper  may  be  ab¬ 
sorbed  into  the  body  is  also  a  factor. 

Summary 

1.  Based  on  hemoglobin  and  red 
blood  cell  regeneration  in  the  anemic 
rat,  ferrous  carbonate  was  relatively 
unavailable  when  compared  to  fer¬ 
rous  sulphate.  Metallic  iron  was 
intermediate  between  ferrous  car¬ 
bonate  and  ferrous  sulphate  in  its 
ability  to  regenerate  hemoglobin  and 
red  blood  cells. 

2.  Using  liver  copper  storage  in 
the  rat  as  the  criterion,  copper  oxide 
copper  concentrate  and  copper  py¬ 
rophosphate  were  approximately 
one-fourth,  one-third  and  one-half 
as  available,  respectively,  as  was  cop¬ 
per  sulphate. 
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ENHANCEMENT  OF  THE  NUTRITIONAL  VALUE  OF 
CEREALS  THROUGH  GERMINATION 

ALBERT  A.  DIETZ 

.1618  54th  Street ,  La  Grange 


The  limitations  of  cereal  diets 
have  been  known  and  discussed  for 
many  years,  and  the  relative  nutri¬ 
tional  values  of  various  cereals  have 
been  reported  many  times.  Jones, 
Caldwell,  and  Widness  (1948)  re¬ 
viewed  the  inconsistencies  in  the 
early  reports,  and  in  their  work 
found  that  oats,  rice,  and  rye  were 
superior  to  the  other  cereals  fed  at 
the  same  protein  levels.  Their  sug¬ 
gested  diets,  as  well  as  those  used 
by  most  workers  studying  the  nutri¬ 
tional  properties  of  cereals,  were 
supplemented  with  minerals,  vita¬ 
mins,  and  fats.  Thus  the  relative 
value  of  the  grains  was  partly  de¬ 
pendent  upon  the  supplement  used, 
and  when  the  diets  were  sufficiently 
supplemented  to  give  normal  growth, 
differences  in  the  nutritional  value 
of  the  cereals  could  not  be  seen. 
Germinated  cereals  have  been  used 
to  supplement  diets,  and  reports  of 
their  value  range  from  very  optimis¬ 
tic  (Raybaud,  1929)  to  those  that 
find  them  to  be  of  no  value  (Leitch, 
1939).  I  found  no  report  which 
compared  the  unsupplemented  ger¬ 
minated  cereal  directly  with  the  un¬ 
germinated.  The  work  reported  in 
the  present  paper  used  diets  con¬ 
sisting  entirely  of  a  single  germinat¬ 
ed  or  ungerminated  cereal  and  dis¬ 
tilled  water.  The  data  show  the 
overall  changes  in  the  nutritional 
properties  resulting  from  germina¬ 
tion. 

Methods 

Germination.  The  germination 
was  carried  out  on  an  industrial 


scale.  The  cereals  were  steeped  in 
tap  water  for  12-14  hours,  with  or 
without  the  addition  of  lime.  They 
were  then  placed  on  wire  shelves 
and  a  continuous  stream  of  air 
forced  through  the  grain.  The  ger¬ 
mination  was  in  the  dark  for  3-6 
days,  depending  upon  the  cereal, 
until  the  sprouts  were  about  3  times 
the  length  of  the  seeds.  During  the 
germination,  the  grain  was  kept 
moist  and  turned  once  daily.  At  the 
end  of  the  germination,  the  product 
was  dried  at  room  temperature  in 
a  current  of  forced  air  and  ground 
in  a  hammer  mill.  Adequate  sam¬ 
ples  of  the  ungerminated  grain  were 
ground  for  the  control  diets.  The 
protein  was  calculated  from  the 
nitrogen  content  as  determined  by 
Kjeldahl  analysis  times  6.25. 

Feeding  Experiments .  Wistar 
rats  were  raised  on  the  stock  diet 
of  Bills  et  al.  (1931).  The  young 
were  put  on  the  experimental  diets 
at  weaning  or  several  weeks  after 
weaning.  The  results  were  most 
uniform  when  the  initial  weight  of 
the  rats  was  50-75  g.  For  a  given 
experiment,  one  or  more  litters  was 
divided,  half  receiving  the  ungermi¬ 
nated  and  half  the  germinated  cereal. 
The  rats  were  kept  in  false-bottom 
cages  and  received  the  cereal  and 
distilled  water  ad  libitum.  They  were 
weighed  at  weekly  intervals,  and 
food  consumption  records  were  kept. 
In  all  cases,  the  germinated  cereal 
was  from  the  same  source  as  the 
ungerminiated  with  which  it  was 
compared. 
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Fig.  1. — Growth  and  food  consumption  of  rats  on  diets  of  barley,  germinated 
barley,  and  barley  supplemented  with  casein  to  give  a  protein  content  equivalent 
to  that  of  germinated  barley.  The  values  are  the  averages  of  four  male  rats.  The 
symbols  represent  each  group  of  rats  and  their  diets  for  the  first  nine  weeks,  at 
which  time  the  diets  were  reversed.  The  solid  and  broken  lines  represent  the 
germinated  barley  and  barley,  respectively.  The  short  dashes  represent  growth 
on  the  stock  diet. 


Results 

Barley.  In  an  initial  experiment, 
the  average  weight  gain  of  14  rats 
receiving  only  barley  (15.13%  pro¬ 
tein)  was  20.3  g.  in  10  weeks,  where¬ 
as  14  rats  fed  germinated  barley 
(16.20%  protein)  gained  an  aver¬ 
age  of  60.4  g.  in  the  same  interval. 
Half  of  the  rats  receiving  barley 
died  in  the  tenth  week,  and  one  sur¬ 
vived  25  weeks.  Five  of  the  animals 
fed  germinated  barley  were  still 
alive  in  the  38th  week  when  the  ex¬ 
periment  was  terminated. 

The  higher  protein  content  of  the 
germinated  cereal,  according  to 
Bartlett  (1917),  is  due  to  the  loss 


of  carbohydrate  during  germination. 
To  test  whether  the  higher  protein 
content  of  the  germinated  cereal  was 
responsible  for  the  more  rapid 
growth,  barley  was  supplemented 
with  commercial  casein  to  increase 
its  protein  content  to  that  of  the 
germinated  grain.  The  results  of 
the  feeding  and  the  analyses  of  the 
diets  are  given  in  Figure  1.  For 
nine  weeks,  three  groups  of  four 
rats  each  received  barley,  barley- 
casein,  or  germinated  barley  diets. 
At  the  end  of  this  period,  those  re¬ 
ceiving  the  germinated  barley  had 
gained  an  average  of  80  g.,  whereas 
those  on  the  barley  or  barley-casein 
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Fig.  2. — Growth  and  longevity  of  rats  receiving  barley  and  germinated  barley. 
The  protein  analysis  of  the  diets  was  15.08  and  15.50%,  respectively.  The  triangles 
represent  the  second  generation  on  germinated  barley.  The  short  dashes  represent 
growth  on  the  stock  diet. 


diets  gained  an  average  maximum  of 
30  and  35  g.,  respectively.  At  nine 
weeks,  the  four  rats  fed  the  casein- 
supplemented  barley  showed  a  slight 
but  not  significant  beneficial  effect 
of  the  casein.  At  this  time,  two  of 
the  rats  receiving  barley  died.  The 
diets  were  reversed  at  the  end  of 
nine  weeks  so  that  the  rats  that  had 
received  the  germinated  barley  were 
then  fed  barley  and  those  on  the 
other  two  diets  then  received  the 
germinated  cereal.  In  all  cases,  the 
rats  grew,  but  after  six  weeks  on 
the  new  diets,  the  rats  now  receiv¬ 
ing  barley  began  to  lose  weight.  The 
experiment  was  terminated  in  the 
20tli  week  when  two  of  the  rats  re¬ 
ceiving  barley  died.  Thus,  the  total 
protein  is  not  the  determining  fac¬ 


tor  in  the  enhancement  of  the  value 
of  the  cereal  through  germination. 

A  study  of  the  food  consumption 
on  the  three  diets  (Fig.  1)  showed 
that  the  rats  ate  considerably  more 
of  the  germinated  barley  at  a  rather 
constant  rate  throughout  the  ex¬ 
periment.  The  food  consumption  of 
the  rats  on  the  barley  or  barley- 
casein  diets  fell  almost  continuously. 

As  already  noted,  the  animals  fed 
germinated  barley  not  only  grew 
more  rapidly  but  they  survived 
longer  than  those  eating  the  unger¬ 
minated  cereal.  Although  most  ex¬ 
periments  were  terminated  before 
the  animals  on  the  germinated  bar¬ 
ley  died,  in  eight  cases,  rats  survived 
for  over  one  year  with  germinated 
barley  as  the  sole  nutrient,  one  as 
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long  as  76  weeks.  Ten  female  rats 
that  had  been  on  germinated  barley 
for  more  than  10  weeks  were  bred 
with  males  from  the  stock  colony. 
Attempts  were  made  to  breed  four 
of  them  three  times.  In  three  cases, 
litters  were  cast,  but  only  one  mother 
was  able  to  wean  her  young.  The 
cycle  of  the  mother  and  her  pups  is 
shown  in  Figure  2.  The  mother 
had  received  only  germinated  barley 
from  the  time  she  was  a  month  old. 
She  was  bred  in  the  14th  and  24tli 
week  on  the  diet.  With  the  first 
breeding,  one  pup  was  born  but  it 
died  the  next  day.  As  a  result  of 
the  second  breeding,  three  pups  were 
cast,  but  only  two  survived  until 
weaning.  They  were  weaned  at  the 
age  of  37  days  when  they  weighed  37 
and  21  g.  (normal  weight  at  this 
age  is  65  g.).  The  diet  of  germi¬ 
nated  barley  was  continued.  The 
smaller  of  the  young  died  during 
the  second  week  after  weaning.  The 
other  pup  grew  slowly  until  the  36th 
week  on  germinated  barley.  At  this 
time,  an  attempt  to  breed  him  to  a 
female  from  the  stock  colony  was 
unsuccessful.  Thereafter,  he  lost 
weight.  He  died  in  the  49th  week, 
at  about  the  same  age  as  had  his 
mother.  In  addition,  five  attempts 
to  breed  male  rats  that  had  received 
germinated  barley  for  over  ten  weeks 
were  without  success. 

Oats.  The  results  of  feeding  trials 
with  oats  were  similar  to  those  with 
barley.  Three  experimental  groups 
involving  26  rats  were  followed. 
For  one  group  of  eight  rats  (Fig.  3), 
the  protein  content  of  the  oats  and 
germinated  oats  was  13.28  and 
14.56%,  respectively.  The  four  rats 
fed  the  oats  failed  to  grow  and  were 
dead  by  the  13th  week,  but  the  four 


animals  receiving  germinated  oats 
grew  almost  as  rapidly  as  rats  on  the 
stock  diet  (dotted  line)  during  the 
first  seven  weeks.  After  the  7th 
week,  their  rate  of  growth  was  less 
but  they  attained  a  maximum  weight 
of  about  80%  of  that  of  normal  ma¬ 
ture  rats.  They  were  still  healthy 
when  the  experiment  was  terminated 
in  the  20th  week.  In  another  ex¬ 
periment,  the  oats  and  germinated 
oats  contained  15.15  and  16.01% 
protein,  respectively.  Each  diet  was 
fed  to  five  rats.  In  this  experiment, 
the  animals  grew  almost  as  rapidly 
on  the  oats  diet  as  did  those  fed 
germinated  oats,  but  in  neither  case 
did  the  rats  approach  the  weight  of 
the  control  animals  on  the  stock  diet, 
or  the  weight  achieved  by  the  rats 
on  the  germinated  oats  in  Figure  3. 
A  difference  in  growth  on  the  two 


germinated  oats.  The  protein  content 
was  13.28  and  14.65%,  respectively.  The 
values  are  the  averages  of  4  male  rats 
on  each  diet.  The  short  dashes  repre¬ 
sent  growth  on  the  stock  diet. 
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Fig.  4. — Growth  of  rats  on  wheat  and 
germinated  wheat  diets.  Each  line  rep¬ 
resents  the  average  weight  of  four  fe¬ 
male  rats.  Wheat  from  two  different 
seasons  is  represented.  The  analysis 
is  in  the  text.  The  short  dashes  repre¬ 
sent  growth  on  the  stock  diet. 


diets  was  not  noted  until  the  18th 
week  when  the  animals  on  each  diet 
averaged  110  g.  The  five  rats  re¬ 
ceiving  the  oats  then  lost  weight 
and  died  by  the  22nd  week.  At  the 
22nd  week,  the  rats  on  germinated 
oats  attained  their  maximum  weight 
(120  g.)  which  they  maintained  un¬ 
til  the  45th  week  when  they  began 
to  die.  One  rat  lived  until  the  52nd 
week. 

Wheat.  Three  different  experi¬ 
ments  with  a  total  of  34  rats  were 
completed  with  wheat  and  germi¬ 
nated  wheat  diets.  The  results  of 
two  of  these  experiments  are  graphed 
in  Figure  4.  Each  represents  a 
winter  wheat  grown  in  different 
years.  Each  line  represents  the 
average  weight  of  four  female  rats. 
The  rats  with  an  initial  weight  of 
50  g.  received  wheat  and  germinated 
wheat  containing  14.9  and  15.8% 
protein,  respectively.  The  protein 


content  of  the  diets  of  the  rats  with 
an  initial  weight  of  60  g.  was  10.66 
and  11.53%,  respectively.  In  both 
experiments,  the  rats  fed  wheat  did 
not  grow  significantly,  and  none 
survived  longer  than  15  weeks.  Those 
rats  receiving  germinated  wheat 
grew  slowly  for  about  eight  weeks, 
maintained  their  weight  for  an  addi¬ 
tional  10-14  weeks,  and  then  died. 
In  a  third  experiment  with  seven 
rats  on  each  diet,  no  difference  in 
the  growth  rate  was  found.  A  com¬ 
parison  of  the  curves  in  Figure  4 
with  those  in  Figures  1-3  shows  that 
rats  on  the  wheat  diets  had  a  slower 
growth  rate  than  those  fed  barley 
or  oats. 

Corn.  The  growth  of  rats  on  corn 
and  germinated  corn  was  less  satis¬ 
factory  than  their  growth  on  the 
other  cereals.  An  experiment  which 
shows  that  corn  can  be  improved 
by  germination  is  given  in  Figure  5. 


Fig.  5. — Growth  of  rats  on  corn  and 
germinated  corn  diets.  The  protein  con¬ 
centration  of  the  diets  was  9.34  and 
9.50%,  respectively.  The  values  are  the 
averages  of  four  male  rats  on  each  diet. 
The  short  dashes  represent  growth  on 
the  stock  diet. 
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Table  1. — Weight  gain,  food  consumption,  and  CER  (g.  food/g.  gain)  of  rats  on 

germinated  and  ungerminated  cereals. 

(Rats  on  the  wheat  diets  were  females,  others  males.) 


Cereal 

%  N 

No. 

Rats 

1st  4  weeks 

1st  8  weeks 

Gain,  g. 

Food,  g. 

CER 

Gain,  g. 

Food,  g. 

CER 

Barley . 

14.97 

8 

26.7 

239 . 7 

8.98 

26.6 

458.1 

17.2 

Ger.  Barley .  .  . 

16.28 

8 

44.9 

343.0 

7.64 

69.6 

710.0 

10.2 

Difference .  . 

18.2 

103.3 

5.68* 

43.0 

251.9 

5.9* 

Barley . 

13.81 

4 

21. 

247. 

11.76 

31. 

530. 

17.1 

Ger.  Barley .  .  . 

14.35 

4 

27. 

307. 

11.37 

44. 

655. 

14.9 

Difference .  . 

6. 

60. 

10.00* 

13. 

125. 

9  6* 

Barley . 

15.13 

4 

19. 

199. 

10.47 

17. 

444. 

26.1 

Ger.  Barley.  .  . 

16.70 

4 

21. 

261. 

12.43 

43. 

722. 

16.8 

Difference .  . 

2. 

62. 

31.0* 

26. 

278 

10.7* 

Oats . 

10.17 

5 

5. 

221. 

44.2 

12. 

480. 

40.0 

Ger.  Oats . 

13.00 

5 

13. 

244. 

18.8 

20. 

536. 

26.8 

Difference .  . 

8. 

23. 

2.88* 

8. 

46. 

5.7* 

Wheat . 

10.66 

4 

1 . 

127. 

127. 

-2. 

229. 

Ger.  Wheat .  .  . 

11.53 

4 

15. 

175. 

11.7 

20. 

308. 

154. 

Difference .  . 

14. 

48. 

3.44* 

22. 

79. 

3.6 

Corn . 

9.34 

4 

-1. 

141 . 

-1. 

284. 

Ger.  Corn . 

9.50 

4 

8. 

160. 

20.0 

13. 

288. 

12.3 

i  ^Difference .  . 

9. 

19. 

2.11* 

14. 

4. 

0.3* 

*  The  rows  labeled  “difference”  were  obtained  by  subtracting  the  growth  and  food  consumption 
on  the  ungerminated  cereal  from  those  on  the  germinated  cereal.  The  CER  was  recalculated  from 
these  values. 


The  average  weights  of  four  males 
on  corn  and  germinated  corn  with 
protein  contents  of  9.34  and  9.50%, 
respectively,  are  graphed.  The  four 
rats  fed  corn  were  able  to  maintain 
their  weight  for  about  14  weeks 
when  the}”  died.  Those  receiving 
germinated  corn  grew  slowly  to  a 
maximum  weight  of  74  g.  in  15 
weeks,  but  failed  to  grow  beyond 
tti is  time  and  were  killed  in  the  18th 
week.  In  two  other  experiments 
with  other  sources  of  the  cereal,  the 
growth  of  the  animals  on  the  corn 


and  germinated  corn  was  insignifi¬ 
cant,  and  the  curves  were  similar 
to  that  of  the  rats  receiving  the  un¬ 
germinated  cereal  in  Figure  5.  A 
comparison  of  Figure  5  with  Fig¬ 
ures  1-4,  as  well  as  the  values  in 
Table  1,  suggests  that  corn  and  ger¬ 
minated  corn  give  the  lowest  growth 
rates  of  the  cereals  tested  when  used 
as  the  sole  source  of  nutrient. 

Food  consumption.  Food  intake 
data  for  the  first  four  and  the  first 
eight  weeks  on  the  various  cereal 
diets  are  given  in  Table  1.  At- 
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Table  2. 

Effect  of  heat  on  the  nutritional  properties  of  barley  and  germinated  barley. 
(Values  for  the  first  four  weeks  on  the  diets.) 


Germinated 

Heated 

No.  Male 
Rats 

Average 

°C 

Hours 

Gain,  g. 

Food,  g. 

C.E.R. 

no 

none 

6 

13.8 

195.6 

14.17 

yes 

none 

6 

23.5 

231.7 

9.86 

Difference 

9.7 

36.1 

3.72* 

no 

50 

48 

4 

11.5 

146.5 

12.74 

yes 

50 

48 

4 

29.8 

224.5 

7.53 

Difference 

18  3 

78.0 

4  26* 

no 

60 

36 

3 

19.0 

182.4 

9.60 

ves 

60 

36 

3 

26.0 

249.0 

9.58 

Difference 

7.0 

66.6 

9.51* 

no 

75 

24 

5 

9.0 

141.6 

15.73 

yes 

75 

24 

5 

24.8 

215.4 

8.69 

Difference 

15.8 

73.8 

4.76* 

no 

105 

24 

3 

8. 

206.0 

25 . 75 

ves 

105 

24 

3 

2. 

278.9 

139.9 

Difference 

-6. 

72.9 

-12.15* 

*  Calculated  from  differences  of  weight  gain  and  food  consumption  of  germinated  and  ungerminated 
barley. 


tempts  to  extend  tlie  data  beyond 
this  time  were  of  little  value  because 
of  the  slow  rate  of  growth  on  diets 
of  ungerminated  cereal.  Compari¬ 
sons  between  the  cereal  and  its  ger¬ 
minated  counterpart  for  the  first- 
four  weeks  shows  a  greater  weight 
gain  and  a  larger  food  consumption 
for  the  germinated  grain  in  all  cases. 
On  calculating  the  cereal  efficiency 
ratio  (CER,  g.  cereal/g.  gain),  the 
superiority  of  the  germinated  cereal 
is  further  shown.  The  CER  for  the 
germinated  cereal  is  lower  in  all 
cases  except  the  3rd  experiment  us¬ 
ing  barley  at  the  4-week  period,  and 
is  considerably  lower  in  all  feeding 
trials  for  the  first  eight  weeks.  By 


taking  the  difference  in  weight  gain 
and  food  consumption  on  the  diets 
of  germinated  and  ungerminated 
grain,  the  CER  due  to  germination 
can  be  calculated.  These  values  are 
given  in  the  third  row  in  each  set 
of  three  rows  in  Table  1.  With  the 
exception  of  the  above  mentioned 
experiment,  the  additional  food  eat¬ 
en  on  the  germinated  cereal  diets 
gave  a  lower  CER  than  the  unger¬ 
minated  cereal.  For  six  rats  on  the 
stock  diet,  the  CER  was  4.37  ±  1.81 
and  5.17  ±  2.02  at  four  and  seven 
weeks,  respectively. 

Effect  of  Heating.  The  stability 
of  the  enhanced  nutritional  prop¬ 
erties  of  the  germinated  cereals  was 
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tested.  Storage  for  a  period  of  a 
year,  either  before  or  after  grind¬ 
ing,  did  not  cause  a  loss  of  the  en¬ 
hancement.  The  extra  value  of  the 
germinated  grain  was  not  affected 
by  moderate  heating  as  shown  in 
Table  2.  Heating  at  temperatures 
as  high  as  75°  C.  for  24  hours  did 
not  affect  the  weight  gain  of  rats 
or  the  CER  on  either  the  barley  or 
germinated  barley  diets.  The  nu¬ 
tritional  properties  of  both  types  of 
cereals  were  inhibited  by  heating 
24  hours  at  105°.  For  these  ex¬ 
periments,  the  ground  cereals  were 
heated  in  kilogram  quantities,  and 
the  temperature  is  the  average  meas¬ 
ured  at  the  top  and  bottom  of  the 
mass. 

Discussion 

The  use  of  germinated  cereal  in 
diets  has  been  proposed  by  many. 
No  attempt  has  been  made  to  review 
the  subject  as  the  literature  is  quite 
controversial  and  has  no  direct  bear¬ 
ing  on  the  testing  procedure  used 
here.  By  feeding  the  germinated 
or  ungerminated  cereal  as  the  sole 
ingredient  of  the  diet,  the  value  due 
to  germination  is  not  masked  by 
supplements.  Germinated  cereals  do 
not  have  values  that  cannot  be  sup¬ 
plied  with  other  nutrients.  Further, 
the  value  of  germinated  cereal  as 
used  in  the  present  experiments  may 
not  be  compared  directly  to  the  prac¬ 
tice  of  using  sprouted  cereals  as  win¬ 
ter  forage,  although  both  types  of 
germinated  grains  may  have  values 
in  common.  In  the  present  studies, 
the  seeds  were  germinated  in  the 
dark  and  not  sufficiently  long  to 
produce  chlorophyll. 


The  relative  value  of  the  individ¬ 
ual  cereals  is  shown  in  the  figures 
and  tables  in  this  paper.  Barley 
and  oats  are  much  superior  to  wheat 
and  corn,  and  the  enhancement  of 
the  nutritional  value  through  germi¬ 
nation  is  much  greater  for  the  first 
two.  In  some  cases,  an  enhanced 
value  of  the  germinated  cereal  was 
not  found.  This  was  especially  true 
for  corn,  and  can  be  expected  as  all 
cereal  crops  do  not  germinate  equal¬ 
ly  (Pollock,  1958)  and  errors  in  the 
process  can  lead  to  poor  products. 
The  value  of  the  germinated  grains 
cannot  be  related  to  the  initial  pro¬ 
tein  content,  as  the  cereals  with  low 
protein  content  were  frequently 
found  superior  to  those  with  higher 
concentrations.  The  greater  biologi¬ 
cal  value  of  the  lower-protein  cereals 
is  consistent  with  the  findings  of 
Hogan  et  al.  (1955)  and  Sanberlich 
et  al.  (1953) — that  the  biological 
value  of  low-protein  corn  is  higher 
than  that  of  high-protein  corn. 
Weber  et  al.  (1957)  have  also  shown 
that  lysine  and  methionine  levels  of 
different  varieties  of  oats  could  not 
be  correlated  with  the  weight  gain 
of  rats. 

Summary 

As  has  been  shown  many  times 
before,  single,  ungerminated  cereal 
diets  are  found  to  be  poor  sources 
for  growth  and  development  of  rats. 
The  germination  of  the  cereals  en¬ 
hances  their  nutritional  properties, 
so  that  rats  fed  a  germinated  cereal 
diet  grow  and  develop  faster,  con¬ 
sume  more  food,  utilize  the  food 
more  efficiently  for  growth,  and  live 
much  longer  than  control  animals  on 
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an  ungerminated  cereal  diet.  The 
extra  value  of  the  germinated  cereal 
is  not  lost  on  storage  for  periods  of 
over  one  year,  and  is  not  destroyed 
by  heating  24  hours  at  75°  C. 
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Litmus  is  one  of  the  oldest  and 
most  widely  used  acid-base  indica¬ 
tors.  The  color  change  takes  place 
over  a  rather  wide  pIT  range  in  the 
neighborhood  of  pH  7.  Litmus  is 
prepared  by  digesting  certain  li¬ 
chens,  particularly  Roccella  tinctoria 
and  Lecanora  tart  area,  with  sodium 
carbonate  and  ammonia  in  the 
presence  of  air.  If  the  sodium  car¬ 
bonate  is  omitted  the  product  is 
orcein.  Litmus  can  be  separated 
into  three  indicator  components  by 
selective  solvent  extraction  (Elman 
et  al.f  1928).  The  ether-soluble  com¬ 
ponent  is  erythrolein,  the  alcohol- 
soluble  component  is  erythrolitmin, 
and  the  alcohol-insoluble  material  is 
azolitmin. 

Materials  similar  to  those  obtained 
from  lichens  can  be  obtained  from 
oreinol  or  resorcinol  (Thorpe,  1948). 
The  material  obtained  from  oreinol 
on  treatment  with  sodium  carbonate 
and  ammonia  has  been  called  syn¬ 
thetic  litmus,  and  in  the  absence  of 
sodium  carbonate  the  product  is 
called  orcein.  The  orceins  obtained 
from  oreinol  and  that  from  lichens 
are  very  similar  and  usually  no  dis¬ 
tinction  is  made  between  the  two. 
Musso  (1956)  has  shown  that  both 
are  complex  mixtures  and  very  simi¬ 
lar  in  nature. 

Commercially  available  litmus  is 
a  mixture  of  colorless  plant  debris, 
inorganic  salts,  and  indicator  com¬ 
ponents.  Azolitmin  and  orcein  are 
also  commercially  available. 

In  spite  of  its  wide  use,  it  appears 
that  no  systematic  study  of  the  spec¬ 


tral  and  indicator  properties  of  lit¬ 
mus,  its  components,  and  related 
compounds  has  been  reported.  Spec- 
trophotometric  studies  to  date  have 
been  fragmentary  and  primarily  re¬ 
lated  to  use  as  dyestuffs  (Desbleds. 
1928)  or  histological  stains  (Elman 
et  al.,  1928 ;  Ringer,  1950) .  The  pres¬ 
ent  study  was  undertaken  to  provide 
some  data  on  these  materials  and 
provide  information  for  structure 
determination  work. 

Experimental 

Apparatus.  Spectral  curves  were 
measured  with  a  Cary  Model  11 
recording  spectrophotometer,  using 
2-cm.  quartz  cells.  Absorbance 
measurements  at  fixed  wave  lengths 
were  made  with  a  Beckman  Model 
B  spectrophotometer  using  1-cm. 
Pyrex  cells.  A  Beckman  Zeromatic 
pH  meter  was  used  for  all  pH  meas¬ 
urements. 

Reagents.  All  reagents  were  of 
the  highest  quality  commercially 
available.  Of  the  purchased  indi¬ 
cators  used,  litmus  and  bromthymol 
blue  were  from  Eislier  Scientific  Co., 
orcein  was  from  Eastman  Kodak, 
and  commercial  azolitmin  was  from 
Matheson,  Coleman  and  Bell.  All 
were  used  without  further  purifica¬ 
tion.  Other  indicators  were  pre¬ 
pared  by  methods  subsequently  de¬ 
scribed. 

Buffer  Solutions.  Buffer  solutions 
of  constant  ionic  strength  were  pre¬ 
pared  according  to  the  method  of 
Elving,  Markowitz,  and  Rosenthal 


[  US  ] 
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(1956)  from  citric  acid,  disodium 
hydrogen  phosphate  and  potassium 
chloride.  The  solutions  were  pre¬ 
pared  in  0.5  M  ionic  strength  and 
diluted  with  an  equal  volume  of 
water  to  give  the  0.25  M  ionic 
strength  buffer  solutions  used  in  all 
spectropliotometric  measurements.  A 
0.0833  M  solution  of  disodium  hydro¬ 
gen  phosphate,  ionic  strength  0.25, 
pH  9  was  used  for  measurements 
at  high  pH.  In  one  series  of  ex¬ 
periments,  Clark  and  Lubs  phos¬ 
phate  buffers,  ionic  strength  about 
0.1  M,  were  used. 

Litmus  Components.  Commercial 
litmus  was  extracted  with  small  por¬ 
tions  of  hot  water  until  the  extract 
came  away  colorless.  The  combined 
extracts  were  filtered  and  evaporated 
to  dryness.  The  residue  was  tritu¬ 
rated  with  3  M  hydrochloric  acid. 
The  material  that  remained  insolu¬ 
ble  was  removed  by  filtration,  washed 
with  water,  and  dried.  This  ma¬ 
terial,  which  contained  most  of  the 
indicating  matter  of  litmus  and 
amounted  to  about  10%  of  the  origi¬ 
nal  litmus,  was  placed  in  a  Soxhlet 
extractor  and  extracted  with  ethyl 
ether,  and  then  with  95%  ethanol. 
Evaporation  of  the  ether  gave  a  red 
gum,  erythrolein ;  evaporation  of  the 
ethanol  gave  a  dark  red  solid,  ery- 
throlitmin.  The  ether-  and  ethanol- 
insoluble  residue,  azolitmin,  was  an 
almost  black,  hard,  crystalline  ma¬ 
terial.  The  composition  of  a  typical 
sample  of  crude  litmus  is  given  in 
Table  I. 

Stock  solutions  of  azolitmin  and 
erythrolitmin  were  prepared  by  dis¬ 
solving  0.25  g.  samples  in  5  ml.  of 
0.1  M  sodium  hydroxide  and  diluting 
to  100  ml.  Stock  solution  of  whole 
litmus  was  prepared  by  refluxing 


Table  I. 

Composition  of  a  typical  litmus  sample. 


Component  % 

Plant  debris  . 56.8 

Inorganic  salts . 33.2 

Erytholein .  0.7 

Erythrolitmin  .  4.5 

Azolitmin  .  4.8 


10.00  g.  of  whole  litmus  with  500  ml. 
of  water  for  ten  hours  filtering  and 
diluting  the  filtrate  to  1.000  1.  The 
pH  of  the  stock  solution  was  9.8. 

Synthetic  Indicators.  A  mixture 
of  0.05  mole  of  orcinol  or  resorcinol, 

10  ml.  of  concentrated  ammonia, 

11  g.  of  sodium  carbonate,  and  70  ml. 
of  water  was  heated  on  a  steam  bath 
in  an  open  flask  for  twenty-four 
hours.  The  solution  was  cooled  and 
diluted  to  give  1  1.  of  stock  solution. 
The  solution  obtained  from  the  re¬ 
action  with  orcinol  was  too  concen¬ 
trated  for  use  in  the  procedure  sub¬ 
sequently  described.  An  intermedi¬ 
ate  dilution  of  5  ml.  of  the  reaction 
solution  to  100  ml.  with  water  gave 
a  suitable  stock  solution.  The  ma¬ 
terial  derived  from  orcinol  is  here¬ 
after  designated  as  orcolitmin,  and 
that  from  resorcinol  is  designated 
resorcolitmin. 

Commercial  Indicators .  Stock 
solutions  of  orcein  and  bromthymol 
blue  were  prepared  by  dissolving 
0.050  g.  samples  in  5  ml.  of  0.1  M 
sodium  hydroxide  and  diluting  to 
100  ml.  Commercial  azolitmin  stock 
solution  was  prepared  by  dissolving 
a  0.500  g.  sample  in  10  ml.  of  0.1  M 
sodium  hydroxide  and  diluting  to 
100  ml. 

Procedure.  Solutions  for  spectral 
measurements  were  prepared  by 
diluting  1-  to  5 -ml.  aliquots  of  the 
appropriate  stock  solution  to  100  ml. 
with  buffer  solution  of  the  desired 
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pH.  One  solution  of  high  pH,  one 
of  low  pH,  and  three  with  pH’s  near 
the  pKi,  all  with  the  same  concen¬ 
tration  of  indicator,  were  prepared 
for  each  series  of  measurements. 
Immediately  after  preparation  the 
exact  pH  of  each  solution  was  de¬ 
termined  and  the  absorbance  at 
580  my  was  measured  on  a  Beckman 
Model  B  spectrophotometer,  and  the 
spectral  response  curves  for  the  high 
and  low  pH  solution  in  the  range 
400  to  700  m/x  were  recorded  with 
a  Cary  Model  11  spectrophotometer. 
The  indicators  used  were  only  slight¬ 
ly  soluble  in  acidic  solution,  and 
precipitates  formed  in  some  acid 
solutions  on  standing. 

Beer’s  law  studies  were  made  us¬ 
ing  solutions  of  high  and  low  pH 
only,  with  varying  concentrations  of 
indicators. 

The  same  procedure  was  used  in 
ionic  strength  experiments  except 
that  the  calculated  amount  of  addi¬ 
tional  potassium  chloride  to  give  the 
desired  ionic  strength  was  added  to 
the  indicator  aliquot  before  dilution 
with  buffer  solution. 

Solutions  of  erythrolein  were  pre¬ 
pared  directly  from  the  solid  indi¬ 
cator  in  Clark  and  Bubs  phosphate 
buffers  which  were  about  0.1  M  ionic 
strength. 

Results  and  Discussion 

It  has  been  generally  assumed  that 
each  of  the  three  indicator  compo¬ 
nents  shown  in  Table  I  represented 
a  single  chemical  compound.  In¬ 
formation  available  to  1948  has  been 
summarized  in  Thorpe’s  Dictionary 
of  Applied  Chemistry  (1948).  Musso 
(1956)  has  shown  orcein  to  be  a  com¬ 
plex  mixture,  and  this  suggests  that 


Fig.  1. — Absorption  spectra  of  litmus 
and.  orcolitmin. 

A— litmus,  5.0  x  10'1  g./l.,  pH  9; 

B— litmus,  5.0  x  10'1  g./l.,  pH  3; 
Cz^orcolitmin,  6.2  x  10~3  g./l.,  pH  9; 
D— orcolitmin,  6.2  x  10~3  g./l.,  pH  3. 


each  of  the  litmus  components  is 
also  a  mixture.  Observations  in  this 
laboratory  confirm  that  each  com¬ 
ponent  is  a  mixture,  a  conclusion 
based  on  variable  elemental  com¬ 
position,  paper  chromatography,  and 
spectrophotometric  evidence.  Only 
the  latter  will  be  discussed  in  this 
paper. 

Spectral  response  curves  for  whole 
litmus  and  for  orcolitmin,  the  indi¬ 
cator  derived  from  orcinol,  are  pre¬ 
sented  in  Figure  1.  The  curves  for 
all  the  litmus  components  and  com¬ 
mercial  azolitmin  are  similar  to  those 
for  whole  litmus,  and  those  for  or¬ 
cein  and  resorcolitmin,  the  material 
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Table  II. —  Spectral  data. 


pH  3 

pH  9 

X  max 
m  fx 

As 

1000  cm.2  g  1 

X  max 

m 

As 

1000  cm.2  g  1 

Whole  Litmus . 

490 

0.8 

583 

1.54 

Erythrolein . 

486 

0.8 

574 

1.3 

Erythrolitmin . 

495 

5.6 

584 

10.2 

Azolitmin . 

498 

6.0 

587 

9.1 

Commercial  Azolitmin . 

502 

1.9 

596 

3.8 

Orcein . 

497 

37.0 

580 

138.0 

Orcolitmin . 

497 

28.6 

580 

97.5 

Itesorcolitmin . 

490 

10.9 

590 

16.5 

prepared  from  resorcinol,  are  similar 
to  that  of  the  synthetic  litmus.  Ab¬ 
sorption  maxima  and  absorbancy  in¬ 
dices,  at  high  and  low  pH,  for  all 
indicators  studied,  are  given  in  Table 
II.  There  were  small  variations  in 
spectra  of  litmus  components  iso¬ 
lated  in  one  separation  when  com¬ 
pared  with  those  obtained  in  other 
separations.  The  minimum  observed 
in  the  425-475  my  range  for  solu¬ 
tions  of  low  pH  was  not  always  dis¬ 
tinct,  leaving  a  shoulder  rather  than 
a  peak  in  the  475-500  my  range.  The 
most  remarkable  aspect  of  the  spec¬ 
tra  was  that  while  the  absorbancy 
indices  varied  greatly  from  one  in¬ 
dicator  to  another,  there  were  only 
minor  differences  in  the  shape  of  the 
spectral  curves. 

Indicator  constants  were  deter¬ 
mined  in  citric  acid — disodium  hy¬ 
drogen  phosphate  buffer  with  po¬ 
tassium  chloride  added  to  maintain 
a  constant  ionic  strength  of  0.25  M. 
The  buffers  were  prepared  accord¬ 
ing  to  the  directions  of  Elving, 
Markowitz,  and  Rosenthal  (1956), 
using  one-half  the  specified  concen¬ 


trations.  Additive  absorbances  were 
assumed.  Deviations  from  Beer’s 
law  for  whole  litmus  and  orcolitmin 
were  measured  and  found  to  be 
smaller  than  experimental  error  for 
both  the  acid  and  the  salt  form  of 
both  indicators.  Assuming  ideal  be¬ 
havior  the  indicator  constants  were 
calculated  by  the  equation 

-Muf  AAik 

pKt  —  pHbuf  +  log  - 

Aicid  -^-Buf 

where  pTIbuf  is  the  pH  of  the  par¬ 
ticular  buffered  indicator  solution, 
ABnf  is  the  absorbance  of  that  solu¬ 
tion,  AAcid  is  the  absorbance  of  a 
strongly  acidic  indicator  solution, 
and  Aaik  is  the  absorbance  of  a 
strongly  alkaline  indicator  solution. 
The  total  concentration  of  indicator 
was  the  same  for  all  solutions  of  a 
given  series,  although  the  ratios  of 
acid  form  to  salt  form  tvere  differ¬ 
ent.  The  results  of  these  experi¬ 
ments  are  given  in  Table  III.  The 
values  for  bromtliymol  blue  were 
measured  to  give  a  check  on  the  pro¬ 
cedure,  and  may  be  compared  with 
the  values  of  7.10  at  0.1  M  ionic 
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strength  and  6.9  at  0.5  M  ionic 
strength  given  by  Kolthoff  and 
Rosenblum  (1937). 

Ideally  the  value  obtained  for  the 
pKi  of  a  given  indicator  should  he 
independent  of  the  pH  of  the  buffer 
solution  in  which  the  measurement 
is  made.  However,  this  is  found 
to  be  true  only  for  bromthymol  blue. 
Bromythymol  blue  is  a  pure  com¬ 
pound,  but  all  the  other  indicators 
were  known  or  expected  to  be  mix¬ 
tures,  and  the  spectrophotometric  be¬ 
havior  is  consistent  with  this  con¬ 
clusion.  The  change  in  the  fraction 
of  indicator  molecules  ionized  with 
change  in  pH  is  most  rapid  when 


Table  III. — Indicator  constants  in  0.25 M 
ionic  strength  buffer. 


Solution 

Calculated 

Indicator 

pH 

pKj 

Whole  Litmus  .  . . 

.  .  .6.22 

6.24 

6.60 

6.39 

6.98 

6.51 

Erythrolein3  .... 

.  .  .6.3 

6.4 

6.8 

6.6 

7.2 

6.8 

Erythrolitmin  .  .  . 

.  .  .6.28 

6.48 

6.64 

6.58 

7.03 

6.69 

Azolitmin  . 

.  .  .6.29 

6.72 

6.66 

6.76 

Commercial 

7.08 

6.93 

Azolitmin  . 

.  .  .6.30 

6.35 

6.63 

6.43 

7.08 

6.51 

Orcolitmin  . 

.  .  .5.95 

6.06 

6.32 

6.08 

6.84 

6.12 

Resorcolitmin  .  . . 

.  .  .6.30 

5.86 

6.62 

5.99 

7.03 

6.24 

Orcein  . 

.  .  .6.39 

6.17 

6.65 

6.20 

7.03 

6.35 

Bromthymol  Blue 

.  .  .6.28 

6.98 

6.60 

6.99 

7.00 

6.99 

a  pK,  determinations  for  erythrolein 
were  made  in  Clark  and  Lnbs  phosphate 
buffers  with  ionic  strength  about  0.1  M. 


the  pH  is  at  the  ply.  Hence,  for  a 
mixture  of  two  indicators,  the  change 
will  be  more  rapid  for  the  indicator 
with  a  pKi  closer  to  the  pH  of  the 
solution  being  examined.  Thus,  the 
apparent  pKi  of  the  mixture  will 
be  dominated  by  the  indicator  whose 
pKi  is  closest  to  the  pH  of  a  given 
solution.  The  degree  of  dominance 
is  dependent  not  only  on  pKi  and 
pH  factors  but  also  on  the  relative 
absorbances  of  the  species  involved. 
In  the  present  instance,  since  the 
pure  indicator  compounds  have  not 
been  isolated,  no  quantitative  calcu¬ 
lations  are  possible.  The  magnitude 
of  this  effect  can  be  estimated  by 
calculations  for  a  hypothetical  mix¬ 
ture.  Assume  an  equimolar  mixture 
of  two  indicators  each  having  iden¬ 
tical  absorbances  at  a  given  wave 
length,  in  strongly  acidic  solution, 
the  absorbances  in  acid  and  alkaline 
solution  being  different.  Assume  a 
pKi  of  7.00  for  one  indicator  and  a 
pKi  of  6.00  for  the  other.  If  one 
then  makes  the  usual  assumptions 
of  ideal  behavior  for  each  compo¬ 
nent,  the  apparent  pKi  value  will  be 
6.62  in  a  solution  of  pH  7,  6.50  in 
a  solution  of  pH  6.50,  and  6.38  in 
a  solution  of  pH  6.00.  A  pEd  value 
of  6.50  would  have  been  found  for 
this  mixture  if  the  commonly  used 
graphical  procedure  was  employed 
in  which  absorbance  is  plotted  vs. 
pH  for  a  series  of  solutions,  and  pKr 
value  is  taken  as  the  pH  at  which 
the  absorbance  is  half-way  between 
that  for  the  strongly  acidic  and 
strongly  basic  solutions. 

The  effect  of  ionic  strength  on  pKi 
values  was  determined  for  litmus 
and  orcolitmin.  Relatively  high  ionic 
strengths  were  selected  in  order  to 
minimize  the  contribution  of  the 
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indicator  stock  solution  to  overall 
ionic  strength  and  because  litmus 
is  not  frequently  used  for  the  de¬ 
termination  of  pH  of  very  dilute 
solutions.  Solutions  of  ionic  strength 
0.25  M,  0.50  M,  0.75  M,  1.00  M, 
1.25  M  were  used,  and  were  prepared 
by  adding  the  required  potassium 
chloride  to  the  standard  0.25  M 
buffers. 

Again  pK^  values  were  calculated 
using  buffers  of  varying  pH,  and 
as  previously  described,  the  pKi 
value  increased  as  the  pH  of  the 
solution  increased.  The  effect  of 
change  in  ionic  strength  on  pIV 
values  was  comparable  in  magnitude 
to  the  effect  of  changing  buffer  pH 
as  shown  in  Table  III.  It  was  not 
practical  to  operate  at  a  constant 
pH  because  changes  in  ionic  strength 
affected  the  pH  of  the  buffer.  In 
Table  IV  the  average  pKi  values  of 
three  determinations,  each  at  a  dif¬ 
ferent  pH,  are  given  for  solutions 
with  varying  ionic  strength.  The 
data  shown  are  representative  of 
those  obtained  from  several  samples 
of  indicator.  In  every  case  exam¬ 
ined  the  pKi  values  were  significant¬ 
ly  lower  at  0.50  M  ionic  strength 
than  at  0.25  M,  but  while  further 
increases  in  ionic  strength  tended  to 
decrease  the  pKr  the  results  were 
less  consistent  and  the  changes  were 
less  pronounced. 

All  of  the  indicators  investigated 
are  prepared  by  air  oxidation,  and 
each  indicator  is  a  mixture  of  com¬ 
pounds.  As  a  result  it  is  difficult 
to  obtain  uniform  indicator  samples 
in  successive  preparations.  Instru¬ 
mental  errors  in  pH  and  optical  ab¬ 
sorbance  measurements  limit  the  ac¬ 
curacy  to  ±  0.1  pKT  unit  and 


Table  IV. — Effect  of  ionic  strength  on 
pKj  values  for  litmus  and  orcolitmin 


Ionic  Strength 

pKx 

Values4 

M 

Litmus 

Orcolitmin 

0.25 

6.38 

6.09 

0.50 

6.31 

5.98 

0.75 

6.20 

6.07 

1.00 

6.18 

5.96 

1.25 

6.25 

6.01 

a  pK^  values  given  are  averages  for 
three  determinations,  each  in  a  buffer 
solution  of  different  pH. 


reproducibility  to  ±  0.05  pKi  unit. 
Values  given  in  Tables  II  and  III 
represent  results  of  typical  experi¬ 
ments  rather  than  averages.  Whole 
litmus  and  orcolitmin  were  the  only 
indicators  for  which  several  deter¬ 
minations  were  made,  and  values 
from  0.2  unit  lower  to  0.2  unit  high¬ 
er  were  observed,  while  one  sample 
of  orcolitmin  consistently  gave  re¬ 
sults  about  0.4  of  a  unit  higher,  the 
value  varying  with  buffer  pH.  The 
separation  process  apparently  affect¬ 
ed  litmus  components,  since  all  of 
the  individual  components  exhibited 
higher  pKi  values  than  whole  litmus. 

These  experiments  confirm  on  a 
quantitative  basis,  what  is  generally 
known  in  a  qualitative  way.  Neither 
litmus  nor  any  of  the  related  indi¬ 
cators  are  suitable  for  quantitative 
work  or  for  colorimetric  determina¬ 
tion  of  pH  because  of  the  variation 
of  pKi  with  pH,  the  large  salt  effect, 
and  the  uncertainty  of  composition 
of  a  given  sample  of  indicator.  The 
orcolitmin  has  narrower  absorption 
bands  than  litmus  and  the  visual  col¬ 
or  changes  are  consequently  clearer. 
Orcolitmin  also  has  a  much  higher 
absorbancy  index  and  is  as  easily 
prepared  as  litmus  solution.  On  this 
basis  it  is  recommended  as  a  substi¬ 
tute  for  litmus.  There  is  no  appar- 
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ent  reason  why  it  could  not  be  used 
for  the  preparation  of  indicator  pa¬ 
per  that  would  be  superior  to  litmus 
paper. 

Summary 

The  visible  spectra  and  indicator 
constants  for  litmus,  three  of  its  com¬ 
ponents,  two  related  synthetic  indi¬ 
cators,  and  two  related  commercial 
products  have  been  measured.  All 
have  apparent  pKi  values  between 
6  and  7,  but  evidence  is  presented  to 
show  that  all  are  mixtures  of  indi¬ 
cating  substances.  The  effect  of  ionic 
strength  on  the  behavior  of  litmus 
and  the  synthetic  indicator  prepared 
from  orcinol  has  been  determined 
and  found  to  be  large. 
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Introduction 

The  boundary  between  the  Missis¬ 
sippian  and  Devonian  systems  and 
the  age  of  the  Pilot  Shale  have  con¬ 
cerned  stratigrapliers  in  the  Great 
Basin  since  Hague’s  first  descrip¬ 
tions  of  the  pertinent  rocks  in  the 
White  Pine  and  Eureka  Mining  Dis¬ 
tricts  (1870,  1883,  1892).  Spencer 
(1917)  and  Westgate  (Westgate  and 
Knopf,  1932)  later  named  but  only 
briefly  described  the  Pilot  Shale  and 
the  West  Range  Limestone.  Fur¬ 
thermore,  there  are  few  other  pub¬ 
lished  descriptions  of  the  generally 
poorly  exposed  rocks  between  the 
basal  Mississippian  Joana  Limestone 
and  the  cliff-forming  Upper  Devon¬ 
ian  rocks  of  Eastern  Nevada.  As  a 
result  many  writers  have  classified 
all  of  the  heterogeneous  rocks  near 
the  Devonian  boundary  under  the 
name  "Pilot  Shale”.  Thus,  it  ap¬ 
pears  desirable  to  present  detailed 
descriptions  of  well-exposed  sections 
of  these  rocks  in  order  to  prepare 
a  foundation  for  further,  more  dis¬ 
criminating  study  (Fig.  1). 

Previous  Work 

Rocks  at  the  Devonian-Mississip- 
pian  boundary  in  Nevada  were  de¬ 
scribed  early  by  Hague  (1870)  as 
calcareous  shales  of  Devonian  age  in 
the  White  Pine  (Hamilton)  Mining 
District  (Fig.  2).  Later  (1883,  1892) 
he  included  rocks  now  considered 
equivalent  to  the  Devonian  shale  of 
the  White  Pine  District  in  the  AVhite 
Pine  Shale  as  he  described  it  at 


Eureka.  Hague  (1882,  1883),  how¬ 
ever,  designated  the  White  Pine 
Mining  District  as  the  source  of  the 
name  for  AAThite  Pine  Shale.  He 
considered  the  White  Pine  Shale 
Devonian,  but,  unfortunately,  cor¬ 
related  rocks  now  recognized  as 
Pilot  Shale,  Joana  Limestone,  and 
Chainman  Shale  at  Eureka  (Nolan. 
Merriam  and  Williams,  1956)  with 
the  type  section  of  the  AVhite  Pine 
Shale  at  Hamilton.  The  type  sec¬ 
tion  of  the  AVhite  Pine  Shale,  how¬ 
ever,  includes  only  those  rocks 
equivalent  to  the  Chainman  shale 
of  current  U.S.  Geological  Survey 
usage.  Lawson  (1906)  recognized 
a  lower  shale,  a  middle  limestone, 
and  an  upper  shale  in  the  Robinson 
(Ely)  Mining  District  which  he  cor¬ 
related  with  Hague’s  sections  at 
Eureka  and  Hamilton.  Thus,  Law- 
son  repeated  Hague’s  error  in  cor¬ 
relating  between  Eureka  and  Hamil¬ 
ton.  Spencer  (1917)  later  named 
the  units  recognized  by  Lawson  as 
the  Pilot  Shale,  the  Joana  Limestone, 
and  the  Chainman  shale  in  ascend¬ 
ing  order.  At  this  time  all  three 
formations  were  referred  to  the  Car¬ 
boniferous.  In  1932  Westgate  (West- 
gate  and  Knopf,  1932)  described 
the  AArest  Range  Limestone  in  the 
Pioche  District  and  at  Dutch  John 
Mountain.  As  described,  the  AVest 
Range  Limestone  contains  Late 
Devonian  fossils  and  forms  a  bencli- 
like  outcrop  above  the  Devonian 
Silverhorn  Dolomite  and  below  the 
Mississippian  Bristol  Pass  (Joana) 
Limestone.  Merriam  (1940)  later 
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noted  approximately  300  feet  of  dark 
argillaceous  to  slialy  limestone 
(“Zone  D”)  and  85  feet  of  thin 
bedded,  platy,  gray  shale  (“Zone 
E”)  immediately  beneath  the  Mis- 
sissippian  limestone  cliff  at  Dutch 
John  Mountain.  Merriam  considered 
these  rocks  either  Devonian  or  Mis- 
sissippian,  and,  on  the  basis  of  faunal 
evidence,  placed  the  base  of  the  shaly 
sequence  750  feet  above  the  “West 
Range  limestone”.  In  the  National 
Research  Council  correlation  chart 
of  1942  (Cooper  et  at 1942),  zone 
D  is  referred  to  the  West  Range 
Limestone,  and  neither  zone  E  nor 
the  Pilot  Shale  is  mentioned.  In  the 
comparable  Mississippian  chart 
(Weller  et  at.,  1948)  the  AVest  Range 
Limestone  is  referred  to  the  Devon¬ 
ian  and  the  Pilot  Shale  to  the  Mis¬ 
sissippian.  A  more  recent  correla¬ 
tion  chart  prepared  by  the  Eastern 
Nevada  Geological  Association 
(1953)  considers  the  Pilot  Shale  as 
Devonian  or  Mississippian  and  defi¬ 
nitely  refers  the  AVest  Range  Lime¬ 
stone  to  the  Devonian.  Nolan,  Mer¬ 
riam,  and  Williams  (1956,  pp.  52- 
53)  describe  a  lower  calcareous 
shale  with  Late  Devonian  conodonts 
and  an  upper  platy  black,  unfos- 
siliferous  shale  at  Eureka  as  the 
Pilot  Shale.  The  upper  shale  is 
considered  Devonian  or  Mississip¬ 
pian.  Reso  and  Croneis  (1959). 
however,  assign  400  feet  of  Pilot 
shale  resting  on  410  feet  of  AVest 
Range  Limestone  to  the  Devonian 
System  in  the  Pahranagat  Range. 
To  the  southwest  in  the  A.E.C. 
Proving  Ground,  Johnson  and  Hib¬ 
bard  (1957)  describe  the  Narrow 
Canyon  Limestone,  consisting  of  175 

Fig.  1. — Location  Map.  Line  connects 
locations  of  measured  sections  shown  in 
Figure  3. 
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feet  of  Late  Devonian  or  Early  Mis- 
sissippian  platy,  dark  gray,  buff- 
weathering  silty  limestone,  that  is 
tentatively  correlated  with  the  Pilot 
Shale,  as  described  by  Spencer 
(1917). 

This  confusing  tangle  largely  re¬ 
sults  from  a  series  of  detailed  local 
studies  of  sections  in  widely  spaced 
areas.  Quite  properly,  the  earlier 
investigators  defined  local  rock  units 
to  provide  structural  datum  planes 
and  a  stratigraphic  framework  for 
their  fossil  collections.  Thus,  these 
rocks  are  yet  to  be  classified  accord¬ 
ing  to  their  regional  extent  and  sig¬ 
nificance — an  essential  part  of  any 
investigation  of  the  geologic  history 
of  a  large  area. 
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Reference  Sections 

The  Pilot  Shale  is  described  by 
Spencer  (1917)  as  a  poorly  exposed, 
nonfossiliferous,  soft,  black  to  drab, 
highly  carbonaceous  shale  100  to  400 
feet  thick.  Examination  in  1955  of 
the  area  mapped  by  Spencer  adds 
little  to  this  information,  and  the 
name-giving  locality,  Pilot  Knob,  is 
now  covered  by  waste  rock  from  the 
Veteran  copper  pit.  The  best- 
exposed  nearby  section,  approxi- 
matelv  one  mile  north  of  Pilot  Knob, 
shows  only  a  covered  slope  between 
the  Joana  Limestone  and  an  argil¬ 
laceous  buff -weathering,  gray  lime¬ 
stone  containing  the  Cyrtospirifer 
fauna  (Fig.  3).  Therefore,  an  ex¬ 
posure  south-southwest  of  the  tri- 
angulation  station  “Willow”  on  the 
west  flank  of  the  Egan  Range  and 
approximately  two  miles  north  of 
the  south  boundary  of  the  Ely  No. 
3  Quadrangle  has  been  selected  as 
a  reference  section  for  the  Pilot 
Shale  (Fig.  3). 

At  the  Willow  section,  the  Upper 
Pilot  Shale  consists  of  190  feet  of 
nonfossiliferous  black,  fissile  shale. 
This  rock  is  cleanly  exposed  and  ap¬ 
pears  to  contain  little  silty  or  cal¬ 
careous  rock.  The  upper  contact 
with  the  Joana  Limestone  is  sharp, 
as  is  the  basal  contact  with  fossilifer- 
ous,  calcareous  siltstone.  The  lower 
193.1  feet  of  the  Pilot  Shale  is  domi¬ 
nated  by  black,  calcareous  siltstone 
with  interbedded  silty  limestone  and 
minor  amounts  of  fine-grained  gray 
limestone.  The  basal  contact  is 
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Fig.  2— Terminology  applied  to  Late  Devonian  andMississippian  stratigraphic  units  in  eastern  Nevada, 
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sharp,  but  limestone  interbedded  in 
the  basal  portion  of  the  Lower  Pilot 
Shale  resembles  the  limestone  of  the 
Guilmette  Limestone  below.  The 
silty  limestone  and  fine-grained  lime¬ 
stone  weather  buff  and  are  the  prob¬ 
able  source  of  the  weathered  rock 
chips  covering  most  Pilot  Shale  out¬ 
crops.  The  lower  Pilot  Shale  con¬ 
tains  abundant  fossils  including 
Nudirostra  sp.  of  Devonian  aspect. 
A  detailed  description  of  the  Willow 
reference  section  follows : 


The  383.1  feet  of  Pilot  Shale  at 
Willow  are  comparable  to  the  350 
feet  of  covered  rock  assigned  to  the 
Pilot  Shale  just  north  of  Pilot  Knob 
(Fig.  2).  Thus,  it  is  assumed  that 
the  members  at  Willow  are  also  pres¬ 
ent  at  Pilot  Knob  and  underlie  the 
bench  between  the  Joana  Limestone 
and  Guilmette  Limestone  on  the  west 
side  of  Ward  Mountain  as  mapped 
by  Langenheim  et  al.  (1959). 

Westgate  (Westgate  and  Knopf, 
1932,  p.  16)  describes  the  West 


Unit  Thickness 
Joana  Limestone 


Description 


Limestone,  fine  to  medium-grained;  gray,  weathering  light  gray; 
beds  more  than  5  feet  thick. 


Disconformity 
Upper  Pilot  Shale 
13  190.0 

Lower  Pilot  Shale 


Shale;  black,  weathering  buff;  fissile 
clay  shale  with  little  silty  material. 


to  platy;  homogeneous 


Silty  limestone  or  calcareous  siltstone;  black,  weathering  buff; 
single  massive  layer;  Nudirostra  sp. 

Scattered  outcrops  calcareous  siltstone  or  silty  limestone;  black, 
weathering  buff  to  pink;  platy  talus. 

Limestone,  fine-grained;  black,  weathering  buff  to  gray;  beds 
as  much  as  1  foot  thick  separated  by  calcareous  siltstone  or 
silty  limestone;  fossiliferous. 

Calcareous  siltstone  or  silty  limestone;  black,  weathering  buff 
to  pink-buff;  beds  as  much  as  2  inches  thick  weathering  to 
plates  %  inch  thick. 

Covered. 

Scattered  outcrops  of  limestone,  very  fine-grained;  gray,  weath¬ 
ering  gray  to  buff-pink  in  mottled  pattern  separated  by  areas 
of  buff  soil  with  chips  of  silty  limestone. 

Limestone,  fine-grained;  black,  weathering  gray;  beds  as  much 
as  3  feet  thick. 

Covered. 

Limestone,  fine-grained;  black,  weathering  gray;  beds  as  much 
as  three  feet  thick. 

Scattered  outcrops  and  talus  of  silty  limestone  or  calcareous 
siltstone;  gray,  weathering  buff  to  buff-pink;  platy. 

Limestone,  fine-grained;  dark  gray,  weathering  gray;  beds  as 
much  as  1  foot  thick  separated  by  units  of  similar  thickness  of 
limestone,  fine-grained;  dark  gray,  weathering  gray  to  buff; 
platy. 

Covered. 

Guilmette  Limestone 

Limestone,  fine-grained;  black,  weathering  mottled  gray;  beds 
1  foot  thick. 

Total  Thickness,  Upper  Pilot  Shale — 190.0  feet. 

Total  Thickness,  Lower  Pilot  Shale — 193.1  feet. 
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Range  Limestone  as  “Blue  gray, 
fine-grained  limestone,  in  some  places 
nodular,  commonly  weathering  to  a 
characteristic  yellow  color 7  7  between 
a  prominent  quartzite  at  the  top  of 
the  Silverhorn  Dolomite  and  the  base 
of  the  Bristol  Pass  (Joana)  Lime¬ 
stone.  According  to  Westgate  the 
West  Range  Limestone  ranges  in 
thickness  from  330  feet  at  Dutch 
John  Mountain  to  615  feet  at  the 
type  locality  in  the  West  Range  and 
contains  abundant  Late  Devonian 
fossils  of  the  “ Spirifer  whitneyi” 
fauna.  Inasmuch  as  the  West  Range 
Limestone  occupies  a  stratigraphic 
position  similar  to  that  of  the  Pilot 
Shale,  has  a  similar  topographic  ex¬ 
pression,  and  also  is  deeply  covered 
by  buff -weathered  debris,  there  has 
been  some  confusion  regarding  the 
distinct  character  of  the  two  units. 

Figure  2  shows  a  composite  of  two 
sections  measured  at  opposite  ends 
of  the  limited  exposure  on  the  coni¬ 
cal  hill  just  north  of  township  2  in 
the  West  Range.  This  is  the  area 
designated  as  the  type  locality  of 
the  West  Range  Limestone  by  West- 
gate  (Westgate  and  Knopf,  1932). 


Thicknesses  as  measured  are  328  feet 
at  the  south  end  of  the  outcrop, 
where  the  top  and  bottom  of  the 
formation  are  well  exposed,  and  350 
feet  at  the  northern  end  of  the  out¬ 
crop,  where  the  uppermost  100  feet 
of  the  formation  and  the  contact  are 
covered  by  talus.  Fine-grained,  gray 
limestone  in  beds  one  inch  to  two 
feet  thick  dominates.  Thinner  beds 
are  more  argillaceous,  tend  to  be 
nodular,  and  contain  most  of  the 
fossils.  Thirty-two  feet  of  platy 
calcareous  siltstone  crops  out  at  the 
top  of  the  southern  section.  This 
rock  resembles  the  most  abundant 
rock  in  the  Lower  Pilot  Shale  at 
Willow  and  is  tentatively  assigned 
to  the  Lower  Pilot  Shale.  Crinoidal 
limestone  of  the  Bristol  Pass 
(Joana)  Limestone  rests  on  the  cal¬ 
careous  siltstone  in  a  sharp  contact. 
The  basal  contact  of  the  West  Range 
Limestone  is  a  well-marked  sharp 
contact  with  the  upper  quartzite 
member  of  the  Silverhorn  Dolomite. 

A  detailed  description  of  the  type 
section  of  the  West  Range  Limestone 
is  as  follows : 


Unit  Thickness  Description 

Bristol  Pass  Limestone  (Joana  Limestone) 

7  Limestone,  fine  to  medium-grained;  gray,  weathering  light  gray; 

beds  more  than  20  feet  thick. 

6  21.0  Limestone,  medium-grained;  gray,  weathering  light  gray;  beds 

approximately  4  inches  thick;  Spirifer  centronatus  (?). 

Disconformity 

Lower  Pilot  Shale 

5  32.0  Calcareous  siltstone  or  silty  limestone;  dark  brown  to  buff  or 

pink  buff  on  weathered  surfaces;  platy. 

West  Range  Limestone 

4  50.0  Limestone,  fine-grained;  gray,  weathering  buff;  beds  as  much 

as  2  inches  thick  in  lower  half,  1  to  2  feet  thick  in  upper  half; 

unit  becomes  more  silty  toward  top;  abundantly  fossiliferous. 

3  146.0  Limestone,  fine  to  very  fine-grained;  gray,  weathering  light 

gray  with  pink  to  buff  partings;  beds  from  1  inch  to  2  feet  thick 
with  thicker  beds  at  intervals  of  from  5  to  7  feet;  tliin-bedded 
material  nodular  and  more  argillaceous;  fossiliferous. 
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Silverhorn  Dolomite 

2  3.8  Quartzite,  fine-grained;  pink-white,  weathering  white  to  rusty; 

bedding  not  apparent. 

1  Dolomite,  fine-grained;  black,  weathering  black;  bedding  not 

apparent,  laminated;  ClacLoyora  and  scattered  tetracorals. 

Total  Thickness,  Lower  Pilot  Shale — 32.0  feet. 

Total  Thickness,  West  Range  Limestone — -296.0  feet. 


Regional  Development  of 
Stratigraphic  Units 

Throughout  the  area  several  thou¬ 
sand  feet  of  cliff -forming  carbonate 
rocks  make  up  the  bulk  of  the  Devon¬ 
ian  system.  Many  different  kinds 
of  limestone  and  dolomite,  as  well 
as  subordinant  quartzite  and  shale, 
are  included  in  this  complex  and 
largely  unstudied  sequence.  This 
investigation  is  concerned,  however, 
with  only  the  uppermost  portion  of 
these  rocks  where  they  are  in  con¬ 
tact  with  the  shaly  and  silty  rocks 
of  the  Devonian-Mississippian  tran¬ 
sition. 

In  southern  Nevada  at  the  Mor¬ 
mon  Mountain,  Arrow  Canyon 
Range,  Arrolime,  and  Muddy  Moun¬ 
tains  sections,  the  Crystal  Pass  Lime¬ 
stone  is  the  uppermost  Devonian  for¬ 
mation.  This  unit,  originally 
described  by  Hewett  (1931)  at  Good- 
springs,  is  a  very  fine-grained,  light 
gray  limestone  in  beds  two  to  four 
feet  thick,  which  weathers  to  form 
a  strikingly  uniform  white  band  of 
outcrop  between  black  Mississippian 
limestone  above  and  layered  black 
and  light  gray  Devonian  limestone 
and  dolomite  below.  Although  no 
fossils  have  been  described  from  the 
Crystal  Pass  Limestone,  its  grada¬ 
tional  contact  with  the  Devonian 
rocks  below  and  its  sharp,  apparent¬ 
ly  disconformable  contact  with  the 
Mississippian  Monte  Cristo  Lime¬ 
stone  above  have  led  to  a  Late  Devon¬ 
ian  age  assignment. 


To  the  north  at  Alamo  the  upper¬ 
most  part  of  the  Devonian  cliff¬ 
forming  sequence  consists  of  inter- 
bedded  black  dolomite,  gray  lime¬ 
stone,  and  rusty  weathering  quartz¬ 
ite.  These  rocks  differ  from  the 
rocks  below  the  Crystal  Pass  Lime¬ 
stone  only  in  the  higher  proportion 
of  sandstone  in  the  upper  portion, 
and  have  been  assigned  to  the  Guil- 
mette  Limestone  by  Reso  and  Croneis 
(1959).  They  fit  well  the  original 
description  of  the  Guilmette  Lime¬ 
stone  at  Gold  Hill  (Nolan,  1935,  pp. 
20-21)  but  contrast  sharply  with  the 
thick,  light  gray  limestone  sequence 
generally  referred  to  the  Guilmette 
Limestone  by  petroleum  geologists 
working  in  eastern  Nevada. 

At  Alamo  the  Guilmette  Limestone 
is  succeeded  by  327.4  feet  of  less 
resistant  limestone  assigned  to  the 
West  Range  Limestone.  The  base 
of  this  formation  is  defined  by  the 
top  of  the  highest  dolomite  bed  of 
the  Guilmette  Limestone  although 
similar  limestone  is  present  in  the 
Guilmette  Limestone.  Fine-grained, 
light  gray  limestone,  weathering 
light  gray,  occurring  in  beds  as 
much  as  two  feet  thick,  is  most  abun¬ 
dant,  but  slialy  gray  limestone, 
weathering  buff,  and  in  nodular  lay¬ 
ers  three  inches  to  one  foot  thick  is 
also  prominent.  The  formation  is 
fossil  if  erous  and  contains  elements 
of  the  Cyrtospirifer  fauna  as  broad¬ 
ly  defined.  These  rocks  have  been 
assigned  to  the  West  Range  Lime¬ 
stone  because  of  composition,  weath- 
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ering  character,  and  position  in 
sequence.  They  are  tentatively  con¬ 
sidered  a  more  shaly  facies  equiva¬ 
lent  of  the  Crystal  Pass  Limestone 
of  the  Arrow  Canyon  mountains. 

The  West  Range  Limestone  of  the 
type  section  rests  directly  on  the 
uppermost  quartzite  member  of  the 
Silverhorn  Dolomite  (Westgate  and 
Knopf,  1932).  Farther  north,  how¬ 
ever,  at  Side  Hill  Pass  and  at  Sunny- 
side,  52  feet  and  120  feet  respective¬ 
ly  of  limestone  intervene  between 
the  uppermost  dolomite  layer  in  the 
Guilmette  Limestone  and  the  West 
Range  Limestone.  The  West  Range 
Limestone  is  352.1  feet  thick  at  Side 
Hill  Pass  and  137.1  feet  thick  at 
Sunnyside.  The  formation  is  mark¬ 
edly  more  silty  than  at  West  Range, 
and  detrital  material  is  most  promi¬ 
nent  at  Side  Hill  Pass  where  the 
Cyrtospirifer  fauna  as  broadly  de¬ 
fined  is  well  represented. 

At  Lund  179.1  feet  of  fine-grained, 
light  gray  limestone  assigned  to  the 
Guilmette  Limestone  is  separated 
from  the  Joana  Limestone  by  15 
feet  of  shaly  limestone.  At  the  base 
of  this  sequence  a  few  intercalated 
beds  of  dolomite  rest  in  turn  on  a 
much  thicker  sequence  of  limestone. 
Therefore,  the  West  Range  Lime¬ 
stone  is  shown  in  Figure  3  as  termi¬ 
nating  south  of  Lund,  where  it  is 
replaced  by  the  Guilmette  Limestone 
facies.  Alternatively,  however,  the 
West  Range  Limestone  may  have 
been  eroded  at  the  Lund  section  and 
may  be  present  north  of  Lund  in 
facies  relationship  with  the  Guil¬ 
mette  Limestone ;  it  may  be  repre¬ 
sented  by  one  of  the  shaly  sequences 
within  2518  feet  of  Guilmette  Lime¬ 
stone  at  Ward  Mountain  (Willow)  ; 
or  it  may  be  a  facies  of  the  Lower 


Pilot  Shale.  Further  investigation 
is  suggested. 

At  Willow,  Pilot  Knob  and  Butte 
Valley  fine-grained  gray  limestone 
in  beds  as  much  as  four  feet  thick 
characterizes  the  Guilmette  Lime¬ 
stone  which  is  here  succeeded  di¬ 
rectly  by  calcareous  siltstone  and 
limestone  in  the  Lower  Pilot  Shale. 
At  the  Cherry  Creek  Mountains  sec¬ 
tion,  however,  the  uppermost  Guil¬ 
mette  Limestone  is  more  silty  and 
argillaceous,  forming  three  units  as 
described  below : 

Uppermost  Unit — 408  feet,  chiefly  fine¬ 
grained,  gray  limestone  in  beds  2  to 
4  inches  thick,  nodular  and  with 
shaly  partings. 

Middle  Unit — 336.5  feet,  chiefly  cal¬ 
careous  siltstone,  dark  gray,  weath¬ 
ering  buff,  platy;  interbedded  with 
minor  amounts  of  limestone  as 
above;  includes  19  feet  of  sandstone 
65  feet  above  the  base. 

Lower  Unit — 328  feet,  calcareous  silt¬ 
stone  and  limestone  as  described 
above,  in  alternating  sub-units  as 
much  as  70  feet  thick. 

Although  the  relationship  between 
the  Guilmette  Limestone,  Sultan 
Formation,  Crystal  Pass  Limestone, 
and  West  Range  Limestone  is  poorly 
understood,  a  few  generalizations 
are  justified.  Sandstone  is  more 
abundant,  at  the  northern  and  south¬ 
ern  extremities  of  the  study  area, 
with  the  Alamo  and  Arrow  Canyon 
Range  sections  (lower  part  not 
shown  in  Figure  2)  characterized 
by  markedly  more  abundant  and 
thicker  sandstone  beds.  Argillaceous 
limestone,  separately  classified  in  the 
West  Range  Limestone,  is  wide¬ 
spread  in  the  southern  half  of  the 
area  at  the  top  of  the  Guilmette 
Limestone  but  does  not  occur  in  the 
extreme  south.  Argillaceous  lime¬ 
stone  and  silty  limestone  are  also 
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prominent  to  the  north  at  the  Cherry 
Creek  and  Pequop  Mountains  sec¬ 
tions,  but  here  the  argillaceous  rocks 
occur  throughout  the  Guilmette 
Limestone.  In  contrast,  the  Guil¬ 
mette  Limestone  of  the  Butte  Valley  - 
Lund  area  is  characterized  by  pre¬ 
dominance  of  fine-grained,  relatively 
pure,  gray  limestone. 

Bocks  assigned  to  the  Pilot  Shale 
occur  in  the  Eureka-Ely  area, 
around  Side  Hill  Pass,  and  at  Ala¬ 
mo.  Further  north  in  the  Cherry 
Creek  and  Pequop  Mountains  sec¬ 
tions,  the  Joana  Limestone  rests  di¬ 
rectly  on  the  Guilmette  Limestone, 
and  Nolan  (1935,  p.  21)  reports  a 
similar  relationship  at  Gold  Hill, 
Utah.  The  Pilot  Shale  is  also  absent 
at  Duckwater  and  Cave  Valley.  Only 
15  feet  of  buff-weathering  gray,  non- 
calcareous  shale  tentatively  is  as¬ 
signed  to  this  formation  in  the  Lund 
section.  Similarly,  32  feet  of  buff- 
weathering,  calcareous  siltstone  is  re¬ 
ferred  to  the  Lower  Pilot  Shale  at 
the  West  Range  section.  The  Pilot 
Shale  and  its  presumed  equivalent, 
the  Narrow  Canyon  Limestone 
(Johnson  and  Hibbard,  1957,  p. 
356),  are  represented  by  thick  sec¬ 
tions  at  Alamo  and  Narrow  Canyon 
respectively,  but  to  the  southeast 
the  Monte  Cristo  Limestone  rests 
directly  on  the  Crystal  Pass  Lime¬ 
stone  or  older  formations. 

The  section  at  Willow  is  the  only 
well-exposed  Pilot  Shale  section 
studied  in  the  Eureka-Ely  area,  but 
the  members  exposed  here  appear 
widespread.  Nolan,  Merriam,  and 
Williams  (1956,  p.  52)  describe  a 
similar  subdivision  of  the  Pilot  Shale 
at  Eureka.  Furthermore,  partial  ex¬ 
posures  of  the  basal  silty  member 
occur  at  Buck  Pass,  Hamilton,  and 


Chainman  Mine;  the  upper  black 
fissile  shale  member  crops  out  at 
Buck  Pass,  Tamburlaine  Canyon, 
and  the  Chainman  Mine.  At  these 
localities  the  basal  member  consists 
chiefly  of  black  to  dark  brown  cal¬ 
careous  siltstone  that  weathers  buff. 
Interbedded  limestone  also  occurs  at 
most  localities  and  is  either  thin- 
bedded,  shaly  nodular  dark  gray 
limestone  which  weathers  buff  or  is 
fine-grained,  gray  limestone  occur¬ 
ring  in  beds  as  much  as  2  feet  thick 
which  weather  gray.  Siltstone  and 
limestone  occur  in  both  the  Guil¬ 
mette  Limestone  and  Lower  Pilot 
Shale  and,  in  this  area,  the  two  for¬ 
mations  are  distinguished  chiefly  by 
the  predominance  of  siltstone  in  the 
Lower  Pilot  Shale.  The  Lower  Pilot 
Shale  also  includes  fossils  of  the 
Cyrtospirifer  Zone  (Merriam  1940, 
p.  61)  as  broadly  interpreted. 

Only  the  Lower  Pilot  Shale  is  rec¬ 
ognized  in  the  Sunnyside-Side  Hill 
Pass- West  Range  Area,  where  a 
maximum  of  141.2  feet  was  meas¬ 
ured  at  Side  Hill  Pass.  In  this  sec¬ 
tion  the  lower  64  feet  consists  of 
interbedded  black  fissile  shale,  cal¬ 
careous  siltstone,  and  limestone,  and 
the  remaining  77.2  feet  is  chiefly 
shale  and  limestone  with  minor 
amounts  of  siltstone.  To  the  east 
at  Dutch  John  Mountain,  however, 
a  thicker  section  includes  both  the 
silty  Lower  Pilot  Shale  and  the  black 
fissile  shale  of  the  Upper  Pilot  Shale. 
The  Lower  Pilot  Shale  contains 
Cyrtospirifer  at  these  localities. 

At  Alamo  488.5  feet  of  silty  and 
argillaceous  rock  have  been  tenta¬ 
tively  assigned  to  the  Pilot  Shale. 
The  Lower  Pilot  Shale  of  this  area 
is  351.1  feet  thick  and  is  notable 
for  greater  thickness  and  the  oc- 
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currence  of  sandstone,  flint,  and 
abundant  lion-calcareous  quartzitic 
siltstone.  The  Upper  Pilot  Shale 
at  Alamo,  137.4  feet  thick,  also  dif¬ 
fers  from  more  northerly  exposures 
of  the  unit  and  contains  black  ar¬ 
gillaceous  limestone  in  concretions 
and  thin  interbedded  layers.  No 
fossils  were  noted  in  the  Pilot  Shale 
at  this  locality. 

In  marked  contrast  to  the  rocks 
just  discussed,  the  Early  Mississip- 
pian  Joana  Limestone  and  Monte 
Cristo  Limestone  are  remarkably 
uniform.  At  all  localities  the  lower 
portions  of  these  formations  con¬ 
sist  mostly  of  fine  to  medium¬ 
grained,  gray  or  black  crinoidal 
limestone  in  beds  ranging  from  2  to 
20  feet  thick.  These  rocks  are  gen¬ 
erally  foetid  and  may  contain  flint 
or  chert  nodules.  One  to  20  feet 
of  nodular,  crinoidal  limestone  with 
shaly  partings  may  occur  at  the  base 
and  6  inches  to  1  foot  of  basal  quartz¬ 
ite  was  observed  at  Hamilton,  at 
Buck  Pass,  and  in  the  Confusion 
Range  of  Utah.  These  rocks  lie  on 
a  clear-cut  plane  surface  wherever 
observed  and  there  is  no  interbed¬ 
ding  of  the  Mississippian  crinoidal 
limestone  with  any  of  the  older  rocks. 

Conclusions  and  Problems 

The  most  important  conclusion  of 
this  study  is  that  the  non-resistant, 
buff -weathering,  poorly  exposed 
rocks  between  the  Late  Devonian 
cliff-forming  carbonate  beds  and  the 
Early  Mississippian  crinoidal  lime¬ 
stone  may  profitably  be  assigned  to 
at  least  three  rock  units  —  West 
Range  Limestone,  Lower  Pilot  Shale, 
and  Upper  Pilot  Shale.  In  addi¬ 


tion,  all  except  the  Upper  Pilot  Shale 
contain  Devonian  brachiopods.  These 
units  appear  conformable  with  and 
in  part  show  intertonguing  relation¬ 
ships  with  the  underlying  Devon¬ 
ian  carbonate  rocks,  but  a  discon - 
formity  is  present  below  the  Missis¬ 
sippian  crinoidal  limestone.  Over¬ 
lap  of  the  detrital  rocks  by  the  Joana 
and/or  Monte  Cristo  Limestone  in 
the  Cherry  Creek-Pequop-Golcl  Hill 
Area  and  on  the  shelf  in  southern 
Nevada  indicates  earlier  positivism 
on  the  shelf  and  in  a  large  area  of 
northeastern  Nevada.  This  conclu¬ 
sion  is  reinforced  by  facies  changes 
toward  more  and  coarser  detrital 
material  in  the  upper  Guilmette 
Limestone  to  Lower  Pilot  Shale  in¬ 
terval  in  these  areas.  Local,  pre- 
Joana  positivism  is  also  indicated 
in  the  Duckwater,  Lund,  and  Cave 
Valley  region. 

At  this  stage  in  the  development 
of  our  knowledge  of  the  latest 
Devonian  and  earliest  Mississip¬ 
pian  history  of  eastern  Nevada  sev¬ 
eral  problems  seem  to  have  clear 
priority  for  further  investigation. 
The  Late  Devonian  faunas  require 
systematic  description  and  thorough 
stratigraphic  study  in  order  that  the 
various  facies  of  the  Late  Devonian 
formations  may  be  placed  in  a  bio- 
stratigraphic  and  temporal  relation¬ 
ship.  The  details  of  the  complex 
facies  relationships  between  the  Guil- 
mette  Limestone,  West  Range  Lime¬ 
stone,  and  Pilot  Shale  are  still  not 
adequately  understood.  Finally,  a 
thorough  search  for  fossils,  includ¬ 
ing  the  less  widely  studied  groups, 
must  be  made  in  the  Upper  Pilot 
Shale  if  its  age  is  to  be  definitely 
determined. 
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SHOOT  APICES  IN  TWO  HYBRID  JUNIPERS 
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Introduction 

Tlie  apex  of  shoots  of  the  Cupres¬ 
saceae,  to  which  the  genus  J uniperus 
belongs,  is  characterized  by  four 
recognizable  major  zones  (Fig.  1)  : 
Zone  I,  consisting  of  the  apical  ini¬ 
tial  cells  and  their  anticlinal  deriva¬ 
tives;  Zone  II,  the  subapical  mother 
cells;  Zone  III,  the  peripheral  meri- 
stem ;  and  Zone  IV,  the  pith  mother 
cells.  Apical  initials  in  this  family 
and  in  the  Taxodiaceae  are  reported 
to  be  only  four  or  less  per  shoot; 
in  these  cells  periclinal  divisions 
occur  (Fig.  4).  However,  the  periph¬ 
eral  surface  layer  appears  as  a  dis¬ 
crete  protoderm.  Complete  elimina¬ 
tion  of  periclinal  divisions  has  been 
attained  in  the  permanent  shoots 
of  Taxodium ,  and  in  Araucaria 
(Araucariaceae)  ;  these  two  genera 
have,  therefore,  been  regarded  as 
possessing  a  tunica  and  of  having 
reached  the  angiosperm  level  of  or¬ 
ganization.  The  expression  “  poten¬ 
tial  tunica”  is  sometimes  used  for 
the  peripheral  surface  layer  in  the 
Cupressaceae  (Al-Sherifi,  1952). 

The  subapical  mother  cells  of  the 
Cupressaceae  have  characteristics 
common  to  most  of  the  conifers  in 
being  few  in  number,  irregularly 
arranged  and  poorly  defined.  This 
family  and  the  Taxodiaceae  (Se¬ 
quoia  excepted)  have  the  smallest 
Zone  II  of  any  of  the  Gymnosper- 
mae.  Zone  III  develops  as  lateral 
derivatives  of  cells  of  Zone  II.  In 
the  Cupressaceae  Zone  III  is  strati¬ 
fied  but  exceedingly  narrow  and  not 
clearly  separable  from  Zone  II.  In 


contrast,  the  pith  is  easily  discerni¬ 
ble.  Zone  IV  is  made  up  of  one  to 
three  pith  mother  cells  in  this  fam¬ 
ily.  However,  pith  is  often  observed 
very  close  to  the  apex  (Figs.  2  and 
3),  and  no  pith  rib  meristem  is 
formed.  The  pith  zone  is  also  charac¬ 
teristically  narrow,  a  condition  con¬ 
sidered  to  be  related,  possibly,  to 
the  highly  ramified  type  of  branch¬ 
ing  of  the  shoot. 

In  the  present  study  an  analysis 
has  been  made  of  the  shoot  apices 
of  terminal  and  first  lateral  branches 
in  winter  and  spring  periods  of 
growth  from  two  trees  selected  from 
a  genetically  mixed  “swarm  hybrid 
population”  (Hall,  1952)  of  J.  vir- 
giniana  L.  (eastern  red  cedar)  X  J. 
Ashei  Buclih.  (Ozark  white  cedar). 
One  of  the  trees  shows  the  character¬ 
istically  longer  terminal  branches 

I 


Fig.  1. — Four  major  zones  of  shoot 
apex  of  Cupressaceae  (after  Al-Sherifi). 
I:  apical  initials  and  their  anticlinal 
derivatives;  II:  subapical  mother  cells; 
III:  peripheral  meristem;  IV:  pith 
mother  cells.  IVa  and  pc  are  regions 
of  maturing  pith  and  procambium,  both 
situated  below  actual  apical  meristem. 
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Fig.  2.— Median  longisection  of  shoot  apex  of  long  whip.  May,  1959.  Heavy 
lines  delimit  apical  meristem  above  and  area  of  pith.  Fig.  3. — Median  longisection 
of  shoot  apex  of  lateral  of  long  whip.  May,  1959.  Fig.  4. — Median  longisection  of 
shoot  apex  of  short  whip.  May,  1959.  Fig.  5. — Median  longisection  of  shoot  apex 
of  lateral  of  short  whip.  May,  1959. 


(long  whips),  as  well  as  certain  leaf 
characteristics  of  J.  vir  g  ini  an  a , 
whereas  the  other  one  possesses  only 
short  terminal  brandies  (short 
whips)  and  whip  and  spur  leaves  of 
the  J.  Ashei  type.  The  choice  of 
these  two  segregates  rests  on  the 
assumption  that  it  is  advantageous 
to  have  plants  from  a  similar  genetic 
background.  Herbarium  specimens 


are  on  deposit  at  the  Herbarium  of 
Southern  Illinois  University,  along 
with  typical  J.  Ashei  from  near  Eu¬ 
reka  Springs,  Arkansas,  and  typical 
J.  virginiana  from  the  Nashville 
Basin  procured  by  the  writer.  Not 
all  of  the  external  structural  fea¬ 
tures  of  the  two  segregates  selected 
are  identical  with  Ashei  or  virgini¬ 
ana ,  but  the  terminal  branch  pat- 
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terns  are  remarkably  close  in  the 
two  trees  selected  from  the  naturally 
growing  population. 
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Materials  and  Methods 

The  two  trees  selected  are  in  a 
natural  population  of  cedars  located 
approximately  seven  and  one-half 
miles  south  of  Carbondale,  Illinois 
on  limestone  outcroppings  on  a  hill¬ 
side  near  U.  S.  Highway  51.  One 
of  the  trees  shows  much  longer  termi¬ 
nal  branches  than  the  other. 

Shoot  apices  were  killed  and  fixed 
in  F.A.A.  Infiltration  followed  the 
usual  procedures  with  ethyl  alcohol- 
tertiary  butyl  alcohol  series,  and 
the  specimens  were  embedded  in 
paraffin  (Johansen,  1940).  Serial 
longitudinal  sections  were  cut  at 
10  /x.  Very  lightly  stained  sections 
using  Safranin  0  and  Fast  Green 
FCF  proved  most  satisfactory  in 
delimiting  apical  meristem  from  ad¬ 
jacent  areas.  Median  longisections 
were  selected  for  comparisons. 
Twelve  apices  of  each  type  were 
collected  in  February  and  again  in 
May.  These  included  long  terminals 
and  their  first  laterals  and  short 
terminals  and  their  first  laterals. 
From  these  four  to  six  median  longi¬ 
sections  of  each  type  from  each  col¬ 
lection  were  obtained.  The  number 
of  samples  analyzed  was  arbitrari¬ 
ly  chosen  and  the  samples  themselves 
were  random  ones.  Samples  from 


both  trees  were  collected  on  the  same 
collecting  trip  of  each  month. 

Square  millimeter  area  determi¬ 
nations  were  made  from  camera 
lucida  drawings  with  the  use  of  a 
planimeter.  Included  angle  read¬ 
ings  within  the  shoot  apices  at  vari¬ 
ous  levels  were  also  made  from 
camera  lucida  drawings,  using  a 
protractor.  By  included  angle  is 
meant  that  angle  read  in  degrees 
from  apex  of  shoot  to  outer  limits 
of  level  of  flanking  tissue,  pith,  or 
first  leaf.  Square  millimeter  areas 
of  apical  meristem  included  the  out¬ 
lines  of  tips  of  stems  that  were  clear¬ 
ly  differentiated  in  the  staining  proc¬ 
ess  from  underlying  areas  (Figs. 
2-5).  The  upper  level  of  pith,  as 
indicated,  was  easily  determinable, 
as  was  the  level  of  the  first  leaf. 
The  level  of  flanking  tissue  is  inter¬ 
preted  to  indicate  the  upper  level 
of  first  detectable  periclinal  walls 
in  the  sub-protodermal  areas  (i.e., 
peripheral  meristem  of  Zone  III). 
All  measurements  are  shown  in 
Table  1. 

Results 

The  results  of  the  studies  are  sum¬ 
marized  in  Figure  6  and  Table  1. 
Outlines  in  Figure  6  are  drawn  to 
scale.  Therefore,  actual  size  differ¬ 
ences  can  be  easily  noted.  The  up¬ 
permost  horizontal  lines  indicate  the 
level  of  flanking  tissue,  the  next 
lower  ones  the  level  of  pith.  The 
lowermost  limits  of  the  diagrams 
indicate  the  positions  of  leaves.  Pro¬ 
portionate  differences  are  more  eas¬ 
ily  read  from  Table  1. 

Long  Whips 

The  stem  apex  of  the  long  whips 
is  proportionately  the  largest  of  any 
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LONG  WHIPS 


FEB. 


SHORT  WHIPS 

FEB.  LATERALS  OF  SHORT  WHIPS 


Fig.  6. — Diagram  to  show  relative  distances  of  upper  level  of  flanking  tissue 
(uppermost  horizontal  lines);  upper  level  of  pith  (next  lower  horizontal  lines); 
and  upper  level  of  first  leaf  (lowermost  limits  of  outlines)  from  shoot  apex  in 
long  and  short  whips  and  in  their  first  lateral  branches. 


in  the  late  winter  when  it  is  inter¬ 
preted  to  include  the  volume  from 
apex  to  the  level  of  the  first  leaf. 
By  Jate  spring  the  long  whip  apex 
lias  become  smaller  but  proportion¬ 
ately  broader  and  lower  and  with 
its  first  leaf  proportionately  closer 
to  the  summit.  Its  pith  is  now  near¬ 


est  to  the  summit  of  any  of  the  types 
reported.  The  amount  of  apical 
meristem  has  decreased  markedly 
and  is  the  smallest  of  any  of  the 
shoot  types.  The  readings  of  in¬ 
cluded  angles  at  the  levels  of  first 
detectable  flanking  tissue,  pith  and 
first  leaf  all  show  an  increase  over 
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LONG  WHIPS 


LEVEL  OF: 

TERMINALS 

FIRST  LATERALS 

Flanking  Tissue 

100° 

0  139 

2  55 

102° 

0.106 

2.50 

February 

Pith . 

97° 

0.195 

2.21 

(0.159) 

101° 

0.112 

2.52 

(0.119) 

First  Leaf . 

65° 

1.154 

1.24 

79° 

0.300 

1.63 

Flanking  Tissue 

104° 

0.079 

2.77 

101° 

0.080 

2.46 

May.  .  .  . 

Pith . 

103° 

0.096 

2.52 

(0.097) 

98° 

0.132 

2.20 

(0.102) 

First  Leaf . 

68° 

0.664 

1.35 

64° 

0.601 

1.26 

SHORT  WHIPS 


LEVEL  OF: 

TERMINALS 

FIRST  LATERALS 

Flanking  Tissue 

120° 

0.102 

3.42 

112° 

0 . 097 

2.96 

February 

Pith . 

106° 

0.195 

2.77 

(0.148) 

111° 

0.110 

2.88 

(0.148) 

First  Leaf . 

73° 

0.759 

1.46 

75° 

0.630 

1.51 

Flanking  Tissue 

115° 

0.076 

3.00 

104° 

0.093 

2.68 

May.  .  .  . 

Pith . 

98° 

0.212 

2.13 

(0.159) 

98° 

0.138 

2.28 

(0.118) 

First  Leaf . 

71° 

0.630 

1.40 

71° 

0.555 

1.39 

the  late  winter  ones.  The  ratios  of 
diameters  to  height  of  shoot  at  the 
same  levels,  comparatively,  all  show 
increases.  It  may  be  noted  that 
within  each  series,  as  the  ratios  in¬ 
crease  the  included  angles  become 
greater.  Conversely,  as  the  ratios 
decrease  the  angles  become  less. 


Short  Whips 

Short  whip  shoot  apices  at  the 
three  levels  measured  are  smaller 
in  size  than  long  whips  in  the  late 
winter  season.  They  are  proportion¬ 
ately  broader  with  their  first  leaves 
and  upper  level  of  flanking  tissue 
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closer  to  the  apex.  In  the  later  col¬ 
lections  the  short  whip  apices  also 
become  smaller  than  in  late  winter. 
The  level  of  pith  is  now  farthest 
from  the  apex  of  any  of  the  types 
reported.  The  actual  amount  of 
apical  meristem  increases  somewhat 
instead  of  decreasing  as  the  season 
progresses.  This  is  the  converse  of 
the  situation  in  the  long  whip  apices. 
The  readings  of  included  angles  de¬ 
crease  in  the  May  collections  in¬ 
stead  of  increasing  as  do  those  of 
the  long  whips.  Likewise,  the  ratios 
all  show  a  corresponding  decrease 
in  later  collections,  again  in  contrast 
to  the  changes  in  the  long  whips. 

Laterals  of  Long  Whips 

The  lateral  shoot  apices  of  the 
long  whips  are  the  smallest  in  late 
winter  of  any  of  the  types  reported. 
In  contrast  to  the  long  whips  their 
over-all  dimensions  increase  in  the 
later  collections.  However,  the  up¬ 
per  level  of  the  pith  becomes  pro¬ 
portionately  lower,  whereas  the  up¬ 
per  level  of  the  flanking  tissue 
occurs  at  a  higher  level  by  May.  The 
amount  of  apical  meristem  decreases. 
The  included  angles  all  decrease. 
The  ratios  of  diameters  to  height, 
comparatively,  also  show  decreases 
in  the  later  collections. 

Laterals  of  Short  Whips 

The  lateral  shoot  apices  of  the 
short  whips  are  smaller  than  those 
of  the  short  whips  at  the  first  leaf 
level  in  the  earlier  collections;  their 
dimensions  decrease  in  the  later  col¬ 
lections,  as  do  those  of  the  short 
whips.  The  pith  level,  likewise,  is 
lower  but  the  upper  level  of  flanking 
tissue  is  higher.  The  amount  of 
apical  meristem,  the  included  angles 


and  the  ratios  all  decrease  as  the 
season  progresses. 

Significant  structural  features 
among  the  four  types  of  shoot  apices 
are  as  follows.  Larger  sized  long 
whip  apices  occur  during  the  late 
winter  with  a  proportionately  rather 
low  level  of  pith  and  with  the  low¬ 
est  first  detectable  level  of  flanking 
tissue  and  the  second  lowest  included 
angle  of  shoot  apex  at  the  level  of 
the  first  leaf.  Smaller  sized  long 
whip  apices  are  found  in  the  later 
collections  having  the  highest  level 
of  pith,  the  second  highest  level  of 
flanking  tissue  and  the  third  lowest 
included  angle  of  shoot  apex  at  the 
level  of  the  first  leaf.  The  first  leaf 
appears  proportionately  somewhat 
closer  to  the  apex,  but  this  long  whip 
apex  is  actually  the  highest  of  any 
of  the  types  with  its  first  leaf  far¬ 
thest  from  the  apex.  Short  whip 
apices  are  lower  and  proportionately 
broader  than  those  of  the  long  whips, 
becoming  narrower  in  the  later  col¬ 
lections  and  with  the  highest  level 
of  flanking  tissue  and  the  lowest 
level  of  pith.  The  first  leaves  are 
actually  closer  to  the  shoot  apex 
than  are  those  of  the  long  whips. 

Apices  of  first  laterals  of  the  long 
whips  are  proportionately  broader 
and  much  lower  than  their  terminals 
at  the  first  leaf  levels,  but  they  be¬ 
come  proportionately  narrower  than 
the  terminals  later  in  the  season, 
although  there  is  a  marked  increase 
in  size.  Earlier  collections  show 
them  to  be  the  smallest  in  size  of 
any  of  the  shoot  apices.  They  are 
unlike  any  of  the  other  shoot  types 
in  that  they  show  an  increase  in  size 
by  the  later  date.  Apices  of  the 
first  laterals  of  the  short  whips,  like 
those  of  the  short  whips  themselves, 
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become  smaller  and  proportionately 
narrower  at  the  later  date.  Pith 
level  also  becomes  relatively  low.  In 
contrast  to  laterals  of  long  whips 
they  show  a  decrease  instead  of  an 
increase  in  size  as  the  season  pro¬ 
gresses,  and  their  included  angles 
read  at  levels  of  flanking  tissue,  pith 
and  first  leaf  are  all  greater. 

Discussion 

From  the  measurements  of  the 
apices  of  long  and  short  branches 
it  is  apparent  that  the  rate  of  de¬ 
velopment  is  fundamentally  differ¬ 
ent  in  the  two  types.  Even  though 
pith  occurs  relatively  near  the  sum¬ 
mit  in  members  of  the  Cupressaceae, 
when  compared  to  those  of  other  fam¬ 
ilies  of  conifers,  in  the  vigorously 
growing  short  whips  it  is  relatively 
low,  whereas  it  is  extremely  high  in 
the  long  whips.  This  may  be  corre¬ 
lated  with  the  relatively  much  great¬ 
er  amount  of  apical  meristem  tissue 
in  the  short  whips  at  this  time.  The 
short  whips  at  the  level  of  their  first 
leaves  still  remain  proportionately 
somewhat  broader  and  lower  than 
the  long  whips  with  their  first  de¬ 
tectable  periclinal  divisions  in  the 
sub-protodermal  region  (peripheral 
meristem  of  Zone  III)  at  an  ex¬ 
tremely  high  level.  In  general  dur¬ 
ing  this  period  the  first  laterals  of 
the  short  whips  resemble  their  termi¬ 
nals  more  closely  than  do  the  later¬ 
als  of  the  long  whips.  However,  they 
do  share  similarities  as  apices  of 
laterals :  decrease  in  included  angles ; 
decrease  in  their  ratios;  decrease  in 
the  total  amount  of  apical  meristem ; 
and  in  both  types  the  level  of  pith 
drops. 

How  even  a  very  irregular  mass 
of  cells  gets  itself  straightened  out 


into  a  formed  structure  poses  one  of 
the  most  difficult  problems  of  mor¬ 
phogenesis.  The  differences  in  rate 
of  development  of  the  shoot  apices 
is  highly  suggestive  of  auxin  differ¬ 
ences.  More  important  than  the  lay¬ 
ering  in  the  meristem,  perhaps,  are 
the  physiologically  genetic  differ¬ 
ences  between  the  two  tree  types. 
Layering,  for  example,  may  or  may 
not  occur  during  certain  growth 
phases  of  apices  (Parke,  1959)  ; 
however,  the  end  results  show  quite 
different  shapes  of  apices  and  pro¬ 
portions  of  their  recognizable  parts 
(Fig.  6).  There  is  need  for  peri¬ 
odic  collections  over  several  sea¬ 
sons’  growth  before  deciding  upon 
the  significance  of  layering,  if  any. 
In  itself  it  appears  to  have  little 
significance.  It  is  possible  that  it 
is  intimately  connected  with  initia¬ 
tion  of  leaf  primordia.  But  this, 
in  turn,  would  be  correlated  with 
rate  of  cell  divisions  of  the  inner 
portions  of  a  meristem,  for  we  know 
that  if  the  inner  portions  of  a  meri¬ 
stem  are  growing  faster  than  the 
outer  ones,  the  outer  tend  to  be 
layered. 

According  to  Hall’s  hypothesis  the 
individual  trees  in  the  population 
with  long  whips  reflect  more  llvir- 
giniana ”  genetically  in  this  respect, 
whereas  those  with  only  short  whips 
are  more  like  “Ashei”.  The  struc¬ 
tural  differences  observed  in  the 
apices  from  the  tree  with  long  whips 
and  from  the  tree  with  short  whips 
only  would,  according  to  the  hy¬ 
pothesis,  reflect  differences  in  the 
genetic  constitution  of  the  two  indi¬ 
viduals. 

The  future  character  of  the  shoot 
seems  to  be  determined  by  the  char¬ 
acter  of  the  shoot  apex  from  which 
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it  arises.  Certain  effects  of  envi¬ 
ronmental  factors  would  be  expected, 
and  a  certain  amount  of  plasticity 
of  apex,  and  therefore  shoot  char¬ 
acter,  probably  exists.  The  differ¬ 
ences  between  long  and  short  shoots 
appear  to  be  fundamentally  com¬ 
parable  in  character,  however,  to  the 
long  and  dwarf  shoots  of  Ginkgo 
(Gunckel  et  at.,  1949). 

The  relations  between  terminal 
and  lateral  apices  determine  the 
specific  forms  in  the  plant  itself. 
The  differences  noted  conlcl  well  be 
the  result  of  anxin  distribution,  al¬ 
though  what  determines  differential 
distribution  of  auxin  is  not  known. 

Any  relationship  or  correlation 
that  may  exist  between  the  apices 
of  long  and  short  whips  and  onto¬ 
genetic  differences  in  the  types  of 
leaves  developing  from  them  remains 
to  be  investigated.  With  the  pro¬ 
nounced  difference  in  appearance 
and  behavior  of  these  two  kinds  of 
apices  it  appears  that  the  rate  of 
leaf  formation  is  fundamentally  dif¬ 
ferent.  It  is  possible  that  there  is 
a  correlation  with,  if  not  a  control¬ 
ling  influence  of  the  rate  of  growth 
of  apex  to  the  rate  of  development 
of  different  portions  of  the  leaf  types 
formed.  If  this  is  the  case,  the  clas¬ 
sification  of  leaf  types  found  would 
be  referable  to  the  growth  pattern 
of  the  apex  itself. 

Summary 

Differences  in  the  patterns  of 
growth  in  stem  apices  of  long  and 
short  whips  and  their  first  laterals, 
as  reflected  by  i)  increase  or  de¬ 
crease  in  volume  from  winter  to 
spring;  ii)  changes  in  included 
angles  read  from  apex  to  upper 


levels  of  flanking  tissue,  pith  and 
first  leaf;  and  iii)  shifts  in  discerni¬ 
ble  amounts  of  apical  meristem,  are 
given. 

1.  In  the  spring  the  apex  of  the  long 
whip  is  outstandingly  different 
in  having  the  smallest  amount  of 
apical  meristem  and  the  highest 
level  of  pith.  It  becomes  pro¬ 
portionately  somewhat  broader 
at  the  first  leaf  level,  instead  of 
proportionately  narrower,  as  in 
the  case  of  the  short  whips.  Its 
first  leaf,  however,  remains  the 
greatest  actual  distance  from  its 
shoot  apex  of  any  of  the  four 
types. 

2.  Unlike  the  other  types  of  apices, 
the  laterals  of  the  long  whips 
increase  in  size  from  the  level 
of  first  leaf  as  the  season  pro¬ 
gresses. 

3.  In  the  spring  the  apex  of  the 
short  whips  has  the  largest 
amount  of  apical  meristem,  the 
lowest  level  of  pith  and  the  high¬ 
est  level  of  flanking  tissue.  It 
is  also  the  broadest  of  any  apex, 
proportionately,  at  the  first  leaf 
level. 

4.  In  the  later  collections  the  later¬ 
als  of  both  long  and  short  whips 
are  alike  in  being  smaller  than 
their  respective  terminals,  but 
the  apices  of  the  laterals  of  the 
short  whips  are  proportionately 
broader  than  those  of  the  long 
ones.  In  this  respect  they  re¬ 
semble  more  closely  their  own 
terminals. 

5.  According  to  Hall’s  hypothesis 
the  differences  in  the  types  of 
apices  would  be  regarded  as  in¬ 
herent  ones,  reflecting  differences 
in  genetic  constitution  of  two 


140 


Transactions  Illinois  Academy  of  Science 


individuals  of  a  natural  hybrid 
population  of  J .  virginiana  X 
J.  Ashei. 
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UNUSUAL  COAT  COLORS  IN  SOME  WILD 
AMERICAN  CARNIVORES 

DONALD  F.  HOFFMEISTER 

Museum  of  Natural  History,  University  of  Illinois,  Urbana 


Undescribecl  coat  colors  in  wild 
carnivores  are  few.  However,  ex¬ 
amples  of  melanistic  ringtails,  Bas- 
sariscus  astutus,  and  albinistic  mink, 
Mustela  vison,  have  recently  been 
seen. 

Bassariscus  astutus.  —  Ringtails 
are  not  recorded  as  having  dark 
color-phases.  However,  two  individ¬ 
uals  recently  obtained,  a  male  and 
female,  are  exceptionally  dark  and 
as  dark  as  or  darker  than  the  silver 
phase  of  the  red  fox,  Vulpes  vulpes. 
These  two  ringtails  were  taken  by 
a  fur-trapper  within  a  25  mile  radius 
of  Llano,  Texas.  They  were  sent  to 
the  Maas  and  Steffen  Fur  Company, 
St.  Louis,  Missouri,  where  Mr.  E.  C. 
Steffen,  Jr.,  saw  five  others,  equally 
dark,  during  the  same  fur  season 
of  1959-1960. 

The  entire  dorsum  and  sides  of 
these  animals  are  black.  The  nor¬ 
mally  white  patches  below  the  ear 
and  around  the  eye  are  brownish. 
The  light-colored  ‘  ‘  rings  ’  ’  on  the  tail 
are  more  nearly  cream  than  white. 
The  underparts,  instead  of  being  a 
creamy  color,  are  a  mixture  of  black, 
gray,  and  brown,  with  the  brown 
primarily  along  the  midline  and  in 
the  inguinal  region.  When  the  dark 
hair  on  the  back  is  parted,  the  under¬ 
fur  appears  lead-colored,  only  slight¬ 
ly  darker  than  in  the  “wild  type”. 

This  melanistic  or  silver  phase 
appears  to  be  uncommon.  In  the 
1959-1960  fur  season,  Mr.  Steffen 
had  handled  17,437  ringtails  by  May 
6,  1960,  and  had  seen  only  seven 
such  individuals.  This  would  be  one 


“silver”  in  about  every  2500  wild 
type.  In  previous  years  dark  ring¬ 
tails  were  seen  in  about  this  same 
ratio. 

All  seven  of  the  ‘  ‘  silvers  ’ 7  are 
from  a  relatively  small  area  in  cen¬ 
tral  Texas :  near  Junction,  Fred¬ 
ericksburg,  Stonewall,  Marble  Falls, 
and  Llano. 

Mustela  vison. — Mink,  reared  in 
captivity  as  fur-farmed  animals,  are 
known  to  display  numerous  muta¬ 
tions  affecting  coat  color.  However, 
in  the  wild,  such  variants  are  rarely 
or  never  encountered,  except  in  those 
few  cases  where  mutant  ranch-mink 
have  escaped  and  bred  with  wild 
mink.  In  the  1959-1960  fur  season, 
Steffen  and  Maas  Fur  Company  ob¬ 
tained  a  light-colored,  almost  white, 
mink  taken  by  Mr.  Carl  W.  Evon 
along  a  creek  at  Manukutak,  Dilling¬ 
ham,  Alaska.  This  mink  has  white 
underfur  but  the  guard  hairs  are 
tipped  with  a  light  yellowish  brown, 
giving  the  animal  a  uniform  frost¬ 
ing  of  a  color  similar  to  but  much 
more  dilute  than  in  “New  Zealand” 
of  rabbits.  The  animal  appears  to 
be  whitish,  but  it  obviously  is  not 
an  albino.  Of  the  various  mutations 
described  by  Shackelford  (Genetics 
of  the  ranch  mink,  1950,  Pilsbury 
Publ.,  Inc.,  N.  Y.,  91  pp.),  albino 
(cHcH)  and  dominant  white  (SS 
or  FfSs)  would  seem  closest  to  this 
wild-taken  specimen.  The  color  of 
the  Dillingham  specimen  fits  the 
description  of  neither  of  these  ex¬ 
actly,  however,  and  probably  the 
animal  has  a  different  genotype. 
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Fig.  1.  Dorsal  and  ventral  views  of  melanistic  and  normally  colored  ringtails 
Bassariscus  astutus  (x  2/11).  Left  to  right:  UI,  no.  22700,  near  Llano  Texas  ’ 
UI,  no.  15158,  Tucson  Mts.,  Arizona;  UI,  no.  22699,  near  Llano,  Texas;  UI,  no  5825 
Graham  Mts.,  Arizona. 
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About  10  years  earlier,  the  same  fur 
company  obtained  another  light- 
colored  mink,  somewhat  like  the 
Dillingham  specimen  but  more  yel¬ 
lowish.  This  was  taken  about  200 
miles  north,  on  the  Yukon  River 
near  Holy  Cross,  Alaska.  In  nearly 
30,000  wild  mink  from  Alaska  han¬ 
dled  by  Mr.  Steffen  over  the  last 
15  vears,  these  two  are  the  only  mu- 
tants  he  recalls.  His  father,  han¬ 
dling  Alaskan  mink  for  the  past  50 
vears,  saw  only  one  other  light- 
colored  mutant. 


A  “ white”  mink,  caught  at  New 
Baltimore,  southwestern  Ohio,  in 
May,  1960,  was  brought  to  Mr. 
W.  W.  Goodpaster,  a  taxidermist 
and  naturalist  in  Cincinnati,  to  pre¬ 
pare  as  a  mounted  specimen.  This 
specimen  is  cream-colored  but  an 
albino,  with  pink  eyes.  The  mink 
was  chased  bv  a  domestic  cat  into 
a  stone  pile  where  the  mink  was 
netted.  This  would  be  a  peculiar  be¬ 
havior  for  a  mink  with  normal 
vision. 

Manuscript  received  May  26,  1960. 


A  CONCEPT  CONCERNING  A  SET  WITH  A 
BINARY  COMPOSITION  LAW 

A.  A.  MULLIN 
University  of  Illinois,  Urhana 


Introduction 

This  paper  deals  with  a  develop¬ 
ment  of  a  side-problem  concerned 
with  the  author’s  physico-logical  re¬ 
searches  in  biological  computation 
(Mullin,  1958,  1959,  1960).  In  par¬ 
ticular,  the  paper  is  concerned  with 
a  unifying  concept  associated  with 
sets  that  possess  a  closed  binary  com¬ 
position  law. 

Basically  we  will  concern  ourselves 
with  anticlosed  subsets  of  closed 
systems.  Some  pertinent  theorems 
are  developed  for  general  systems 
and  systems  with  the  structure  of 
a  group. 

General  Case 

Definition  1.1 :  Let  (B,*)  denote  a  non¬ 
empty  set  B  together  with  a  closed 
binary  composition  law  “*”  defined  on  B. 
Call  (B,*)  an  algebraic  system.  By  a 
mutant  of  (B,*)  is  meant  a  subset  M 
of  B  which  satisfies  the  condition 

M  *  M  c  M , 

where  M  *  M  —  ta*b:aeM,  beMl 

and  M  is  the  set  of  all  of  the  elements 
of  B  not  in  M.  Clearly  M  must  be  a 
proper  subset  of  B.  If  all  of  the  elements 
of  B  are  idempotent  with  respect  to 
“*”  then  the  empty  set  is  to  be  con¬ 
sidered  the  only  mutant  of  (B,*).  With 
this  convention  every  algebraic  system 
has  a  mutant. 

Theorem  1.1 :  Every  subset  of  a  mutant 
M  of  (B,*)  is  a  mutant  of  (B,*). 

Proof:  A*AcM*McMcA,  for 
every  A  c  M. 

Theorem  1.2:  Let  ISjtiellbea  non¬ 
empty  class  of  mutants  of  (B,*).  Then 
(i)  i  e  I  Sj  is  a  mutant  of  (B,*) 


and 

r\  rN  CA  - 

(ii)  (i  e  I  Sj)  *  (ielSj)C  jelS  h 
Theorem  1.3 :  Let  <p  be  a  homomor¬ 
phism  from  (A,*)  into  (B,  o).  Let  M 

be  a  mutant  of  (A,*).  If  <p(M)  c  <p( M) 
then  <p( M)  is  a  mutant  of  (B,  o). 

Proof:  <p( M)  o  <p(M)  —  <p(M  *  M)  c 

<p( Ml  c  <p( M). 

Theorem  1.4:  Let  cp  be  a  homomor¬ 
phism  from  (A.*)  onto  (B,o).  Let  M 
be  a  mutant  of  (B.o).  Let  C  be  the 
inverse  image  of  M  under  the  homomor¬ 
phism.  Then  C  is  a  mutant  of  (A,*). 

Proof:  for  each  d,  f  M  there  exists  a 
Cj  €  C  such  that  <p( c,)  =  di. 
But  <p(ck  *  c,)  —  <p(ck)  o  <p(c,) 

e  M.  Then  ck  *  c,  ^  C,  for 
otherwise,  <p(ck  *  cG  e  M,  which 
is  a  contradiction. 

Theorem  1.5:  Let  M  be  a  mutant  of 
(B,  O').  Then  there  is  no  homomorphism 
from  a  closed  subset  of  S  of  M  into  M. 

Proof:  Assume  that  there  exists  such 
a  homomorphism  <p.  Then  for 
sx  e  S  and  s2  e  S,  <p( sx  o  s2)  = 

<p( Sx)  o  <p(s2)  e  M.  But  since 

Sx  O  So  e  S,  <p(Si  O  So)  e  M. 

Theorem  1.6:  Let  <p  be  an  isomorphism 
from  (A,*)  onto  (B,  o).  Then  each  mu¬ 
tant  in  either  system  induces  a  mutant 
in  the  other  system. 

Definition  1.2:  A  mutant  M  of  (B,  o) 
is  said  to  be  a  maximal  mutant  of  (B,  o) 
provided  there  is  no  mutant  of  (B.o) 
which  properly  contains  M.  If  all  of 
the  elements  of  B  are  idempotent  with 
respect  to  “o”  then  the  empty  set  is  to 
be  considered  the  only  maximal  mutant 
of  (B,  o).  With  this  convention  and 
using  Zorn’s  lemma  it  is  clear  that  every 
algebraic  system  has  a  maximal  mutant. 
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Theorem  1.7 :  Every  mutant  of  (B,  o) 
is  contained  in  some  maximal  mutant 
of  (B,  o) . 

Proof:  Apply  the  Kuratowski  Lemma, 
which  states  that  each  chain  of 
a  partially  ordered  set  (set  in¬ 
clusion  in  our  case)  is  con¬ 
tained  in  a  maximal  chain. 

Theorem  1.8 :  If  N  is  a  proper  subset 
of  a  mutant  M  of  (B,o)  then  N  is  not 
a  maximal  mutant  of  (B,  o). 

Theorem  1.9:  Let  <p  he  an  isomorphism 
from  (A,*)  onto  (B,  o).  Then  each  maxi¬ 
mal  mutant  in  either  system  induces  a 
maximal  mutant  in  the  other  system. 

Groups 

In  this  case  we  assume  (A,#)  has 
the  algebraic  structure  of  a  group. 
As  an  example  put  (G,  +)  equal 
to  the  additive  group  of  integers. 
Then  the  set  of  all  odd  integers  is 
a  maximal  mutant  of  (G,  +)  and 
the  set  of  all  even  integers  is  a  sub¬ 
group  of  ( G,  + ) . 

Theorem  2.1:  Let  (G,o)  be  a  group. 
Then  the  only  non-mutant  (left  or  right) 
coset  of  a  subgroup  (H,o)  is  H. 

Theorem  2.2:  Any  group  isomorphic  to 
the  additive  group  of  integers  (A)  has 
no  finite  maximal  mutants,  (B)  has 
infinite  maximal  mutants  which 


(i)  have  no  elements  in  common 

(ii)  have  a  finite  number  of  ele¬ 
ments  in  common 

(iii)  have  an  infinite  number  of  ele¬ 
ments  in  common 

Theorem  2.3:  Any  group  isomorphic  to 
the  additive  group  (G,+  )  of  integers 
has  a  collection  C  of  mutants  such  that 
the  cardinality  of  C  is  that  of  the  con¬ 
tinuum. 

Summary 

This  paper  defines  a  new  concept 
concerning  a  set  with  a  binary  com¬ 
position  law.  The  concept  is  a  rela¬ 
tive  anticlosure  property.  A  num¬ 
ber  of  theorems  are  developed,  which 
show  how  the  concept  leads  to  new 
mathematics  and  how  the  concept 
is  related  to  other  mathematics. 
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SEVERE  SUMMER  HAILSTORMS  IN  ILLINOIS 

DURING  1915-50 

STANLEY  A.  CHANGNON,  JR. 

Illinois  State  Water  Survey,  TJrljana 


Purpose 

As  part  of  a  livdro-climatological 
program  for  studying  hail  in  Illi¬ 
nois,  an  investigation  of  days  with 
severe  summer  hailstorms  was  made. 
In  a  36-year  period,  1915-50,  the 
18  days  having  the  most  severe  hail¬ 
storms  were  selected  for  analysis. 

One  purpose  of  this  study  was  to 
determine  the  amount  of  possible 
monetary  loss  from  one  storm,  which 
is  valuable  information  for  agricul¬ 
tural  interests  and  for  insurance 
companies.  Another  purpose  was 
to  increase  our  knowledge  of  the 
meteorological  characteristics  at  the 
surface  displayed  by  severe  hail¬ 
storms.  It  was  desired  to  ascertain 
which,  if  any,  surface  characteris¬ 
tics  of  these  storms  correlated  well 
with  the  amount  of  damage  pro¬ 
duced. 

This  study  was  made  feasible  by 
the  availability  of  detailed  U.  S. 
Weather  Bureau  data.  Large  dam¬ 
age-producing  hailstorms  are  well 
catalogued  (Flora,  1956),  and  much 
more  extensive  data  are  available 
for  these  storms  than  for  other  more 
minor  hailstorms. 

Factors  investigated  in  each  storm 
include  date  and  time  of  day,  dura¬ 
tion,  maximum  stone  size,  path  size, 
and  areal  distribution.  The  associa¬ 
tion  of  the  hailstorms  with  other 
types  of  weather,  including  rainfall 
and  severe  weather  such  as  high 
winds  and  tornadoes,  was  studied. 
The  types  of  synoptic  weather  pro¬ 
ducing  these  storms  were  determined 
also. 


Available  Data  and  Analytical 
Procedures 

The  original  station  records  kept 
by  the  cooperative  observers  at  the 
FT.  S.  Weather  Bureau  stations  in 
Illinois  together  with  published  and 
unpublished  notes  of  the  U.  S. 
Weather  Bureau  furnished  hail  loss 
values  for  individual  hail  days  oc¬ 
curring  in  the  1915-50  period.  Sum¬ 
mer  was  selected  for  the  study  period 
because  more  than  80%  of  the  crop 
damage  in  Illinois  from  hail  occurs 
in  the  months  of  June  through  Au¬ 
gust  (Stout,  Blackmer,  Changnon, 
and  Huff,  1959).  It  was  decided 
to  define  hail  severity  by  using  the 
two  parameters  of  normalized  mone¬ 
tary  loss  from  crop  and  property 
damages  and  per  cent  of  farm  value 
lost.  Possibly,  criteria  such  as  stone 
sizes,  path  sizes,  and  areal  distribu¬ 
tion  should  be  used  to  establish  hail¬ 
storm  severity  in  a  climatological 
analysis,  but  data  on  these  criteria 
are  not  as  detailed  nor  as  reliable 
as  are  the  monetary  loss  data. 

In  order  to  determine  the  18  most 
severe  storm  days  on  a  monetary 
basis,  it  was  necessary  to  normalize 
the  data  for  the  changing  dollar 
value  of  crops  and  property  in  the 
36-year  period.  It  was  also  neces¬ 
sary  to  express  the  normalized  crop 
loss  as  a  per  cent  of  the  annual  farm 
value  for  each  year,  in  order  to  ad¬ 
just  the  crop  loss  for  changing  acre¬ 
age  in  crops  and  yield  per  acre. 
These  crop  losses  were  normalized 
to  the  1910-14  index  of  prices  re¬ 
ceived  by  farmers  for  grain  and  hay 
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crops  (Illinois  Agricultural  Statis¬ 
tics,  1949).  Similarly,  property 
losses  were  normalized  using  index 
of  prices  paid  for  building  materials 
based  on  the  1910-14  period.  The 
annual  farm  value  is  a  figure  also 
normalized  to  this  period.  The  1910- 
14  period  was  used  as  the  price  ref¬ 
erence  period  because  of  the  stability 
of  prices  in  that  5-year  period  and 
because  Illinois  agricultural  statis¬ 
tics  are  based  upon  this  period. 

For  each  of  the  40  days  with  the 
most  severe  hailstorms  in  the  1915- 
50  period  the  monetary  loss  from 
crops  and  property,  after  normaliz¬ 
ing,  and  the  per  cent  of  annual  farm 
value  lost  were  computed.  The  total 
monetary  values  for  each  storm  were 
compared  and  ranked,  with  rank 
one  the  highest  value.  The  percent¬ 
ages  of  annual  farm  value  losses  for 
each  storm  also  were  compared  and 
ranked,  with  the  highest  percentage 
assigned  rank  one.  Therefore,  for 
each  storm,  two  separate  rankings 
were  obtained.  These  two  rankings 
were  averaged  to  obtain  a  single, 
final  rank  for  each  storm  day.  These 
average  rankings  were  compared  and 
the  18  highest  ranked  were  selected 
as  the  18  most  severe  hailstorm  days 
in  the  1915-50  period. 

To  measure  the  areal  extent  of 
hail  in  order  to  compare  storm  days, 
two  methods  of  evaluation  were  used. 
A  county  occurrence  evaluation  was 
used,  by  which  hail  occurrence  in 
any  portion  of  a  county  was  record¬ 
ed  as  a  county  occurrence.  In  most 
instances  an  entire  county  was  not 
affected  by  hail,  but  this  method  for 
describing  areal  extent  of  hail  was 
useful  because  counties  represent 
analytically  convenient  divisions  of 
Illinois.  The  second  method  for 


evaluating  areal  extent  utilized  rec¬ 
ords  from  40  U.  S.  Weather  Bureau 
stations  in  and  near  Illinois.  Each 
station  had  reliable  hail  records  for 
the  1915-50  period,  and  the  number 
of  stations  reporting  hail  on  each 
storm  day  could  be  determined  for 
measuring  areal  extent. 

Analytical  Results 

T  e  mp  oral  Occur  re  n  c  e 

Eighteen  severe  hailstorm  days  in 
the  36-year  period  were  selected  to 
furnish  a  sample  number  which 
would  make  each  storm  day  equiva¬ 
lent  to  a  2-year  recurrence  storm 
day  on  the  basis  of  a  partial  dura¬ 
tion  series.  The  actual  number  of 
years  in  which  the  18  storm  davs 

«y 

occurred  was  13.  Three  storm  days 
occurred  in  1948  and  in  1925,  and 
two  in  1934.  The  specific  dates  of 
occurrence  are  given  in  Table  1. 
Nine  of  the  18  storm  days  occurred 
in  July,  the  month  when  grain  crops 
in  Illinois  are  normally  most  suscep¬ 
tible  to  hail  damage. 

The  time  of  occurrence  and  dura¬ 
tion  of  the  hailstorms  on  the  18 
storm  days  also  were  investigated. 
On  three  of  the  18  days,  hailstorms 
occurred  at  two  distinctly  different 
times,  separated  by  a  period  of  two 
hours  or  more  with  no  hail.  There¬ 
fore,  21  periods  of  hail  were  ana¬ 
lyzed  as  separate  time  events,  and 
the  time  analyses  were  based  on  these 
21  samples. 

The  2-hour  period  when  hail  for¬ 
mation  was  most  frequent  was  from 
3  :00  to  5  :00  P.M.  CST  as  9  of  the 
21  hail  periods  were  initiated  in 
these  two  hours.  Twenty  of  the  hail 
periods  began  in  the  11  :()()  A.M.  to 


148 


Transactions  Illinois  Academy  of  Science 


Tarle  1. — Monetary  losses  and  percent  of  annual  farm  value  lost  by  damages 
produced  by  18  most  severe  summer  hailstorm  days,  1915-50. 


Rank 

Storm 

date 

Total  storm  loss,  in 
thousands  of  dollars, 
normalized  to  1910-14 
price  indices 

% 

total  st( 

Crop 

damages 

of 

3rm  loss 

Property 

damages 

Total  storm 
crop  loss 
as  %  of 
annual 
farm  value 

1 . 

8/17/48 

3,173 

99.8 

0.2 

0.26 

2 . 

7/28/43 

2,719 

88.0 

12.0 

0.31 

3 . 

7/22-23/31 

665 

99.8 

0.2 

0.38 

4 . 

7/10/34 

1,152 

43.5 

56.5 

0.20 

5 . 

6/20-21/15 

399 

85.1 

14.9 

0.08 

6 . 

7/13/34 

351 

98.8 

1.2 

0.14 

7 . 

8/18/25 

351 

100.0 

0.0 

0.08 

8 . 

7/1-2/33 

273 

100.0 

0.0 

0.13 

9 . 

6/14/48 

503 

95.0 

5.0 

0.04 

10 . 

8/29/48 

478 

100.0 

0.0 

0.04 

11 . 

8/18/46 

410 

97.6 

2.4 

0.03 

12 . 

8/9/25 

265 

100.0 

0.0 

0.06 

13 . 

7/24/25 

255 

98.8 

1.2 

0.06 

14 . 

8/9/32 

134 

82.2 

17.8 

0.06 

15 . 

7/10/30 

112 

97.2 

2.8 

0.04 

16 . 

7/25/38 

118 

76.8 

23.2 

0.03 

17 . 

6/25/44 

214 

80.9 

19.1 

0.02 

18 . 

7/21/27 

116 

97.3 

2.7 

0.03 

11 :00  P.M.  CST  period.  Hail  be¬ 
gan  at  4 :00  A.M.  CST  in  tlie  one 
exception.  The  6-lionr  period  of 
most  frequent  hail  initiation  was 
3  :00  to  9  :00  P.M.  CST  with  15  of 
the  21  hail  periods  beginning  in  this 
time  period.  Lemon  (1943)  reported 
that  one-third  of  2105  damaging 
hailstorms  in  the  Middle  West  be¬ 
gan  in  the  2-hour  period  after  4  :00 
P.M.  CST.  Lemon  also  found  that 
68%  of  2105  damaging  hailstorms 
in  the  Middle  West  began  in  the 
6-hour  period  beginning  at  1 :00  P.M. 
CST. 

The  average  duration  of  the  hail 
periods  was  2.4  hrs.  and  the  median 
duration  Avas  2.0  hrs.  The  greatest 
duration  for  one  storm  period  was 
6.5  hrs.  and  the  shortest  duration 


Avas  0.4  hrs.  There  was  no  correla¬ 
tion  between  variations  in  hailstorm 
duration  and  amount  of  damage  pro¬ 
duced  by  each  storm. 

Monetary  Losses 

Monetary  losses  produced  by  the 
eighteen  storm  days  ranged  from 
a  high  of  $3,172,508  to  a  low  of 
$112,472,  as  normalized  by  1910-14 
price  indices.  Three  storm  days 
each  produced  more  than  one  mil¬ 
lion  dollars  in  damage,  and  13  had 
losses  in  excess  of  a  quarter  of  a 
million  dollars.  The  18  storm  days 
produced  a  total  of  $11,687,500  in 
losses  for  an  average  of  $649,305. 
A  summary  of  losses  for  each  storm 
day,  as  presented  in  Table  1,  shows 
that  losses  from  crop  damages  ac¬ 
counted  for  a  large  proportion  of 
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the  total  loss  in  most  storms.  On 
only  one  storm  day  did  property 
damage  exceed  crop  damage,  and 
on  four  storm  days  no  property 
losses  were  recorded. 

The  right-hand  column  in  Table  1 
lists  for  each  storm  day  the  per¬ 
centage  of  annual  farm  value  lost 
because  of  crop  damages  (Illinois 
Agricultural  Statistics,  1949).  This 
was  the  other  major  factor  used  in 
evaluating  the  storm  days  and  in 
assigning  rank  values  to  them.  A 
wide  range  exists  in  these  values 
(Table  1),  from  0.02%  up  to  0.38% 
with  an  average  of  0.11  %  per 
storm.  These  percentages  appear 
to  be  small  in  relation  to  the  Illinois 
farm  value  in  any  one  year,  but  for 
a  more  realistic  present-day  impres¬ 
sion,  a  percentage  loss  in  1954  such 
as  suffered  in  the  July  1931  storm 
would  amount  to  $4,700,000  in  1954 
dollars  (Illinois  Agricultural  Sta¬ 
tistics,  1958). 

Maximum  Hailstone  Sizes 

The  maximum  size  of  hailstones 
occurring  in  each  of  the  18  storm 
days  was  expressed  in  stone  diame¬ 
ter.  If  stones  were  elliptical,  the 
greatest  diameter  measurable  for  the 
stone  was  used  in  this  analysis.  On 
all  storm  days  the  maximum  diame¬ 
ter  found  exceeded  1  in.  The  aver¬ 
age  diameter  of  the  largest  hail¬ 
stones  was  1.9  in.  The  largest 
hailstones  found  in  any  of  the  storms 
were  4  in.  in  diameter  and  these 
occurred  in  the  June  1915  storm.  In 
this  storm,  many  cattle  and  hogs  in 
the  open  fields  were  killed  by  the 
hail.  Three  of  the  other  storm  days 
had  hailstone  data  also  worthy  of 
mention.  The  storm  of  June  14, 
1948,  produced  hail  4  in.  deep  along 


a  path  4  by  16  mi.  with  occasional 
drifts  of  hailstones  up  to  4  ft.  deep. 
The  storm  of  August  9,  1925,  pro¬ 
duced  hail  to  a  depth  of  3  in.  over 
a  path  3  by  24  mi.  During  the  July 
10,  1934,  storm,  slabs  of  hail  the 
size  of  coffee  saucers  were  reported. 
In  general,  differences  in  the  maxi¬ 
mum  size  of  the  stones,  in  the  range 
of  1  to  4  in.  in  diameter,  had  no 
apparent  effect  on  the  amount  of 
damage  produced  by  the  storms. 

Areal  Distribution 

Hailstorm  path  sizes.  Complete 
data  on  all  the  hail  paths  which 
occurred  in  the  18  storm  days  were 
not  available.  However,  sizes  of 
many  of  the  major  paths  were  re¬ 
corded  as  to  width  and  length  in 
miles.  From  the  18  storm  days  ac¬ 
curate  path  size  data  were  available 
for  14  hail  paths,  and  these  14  paths 
were  associated  with  15%  of  the 
total  loss  of  the  18  storm  days. 
Analysis  of  the  path  sizes  indicated 
that  the  average  width  was  4  mi. 
with  widths  varying  from  2  mi.  to 
10  mi.  Lemon  (1943)  reported  that 
the  average  path  width  for  2105 
damaging  hailstorms  in  the  Middle 
West  was  1.5  mi.  The  average  length 
of  the  14  paths  was  18  mi ;  the  short¬ 
est  path  was  8  mi.  and  the  longest 
path  length,  40  mi.  The  amount  of 
loss  associated  with  a  path  did  not 
appear  to  be  a  function  of  path 
length  or  width. 

Number  of  separate  areas  of  hail 
in  each  storm.  Areal  analysis  of 
the  hail  reports  for  the  18  storm 
days  revealed  that  frequently  two 
or  more  noncontiguous  areas  of  hail 
occurred  on  a  storm  day.  The  basis 
used  to  define  these  separate  areas 
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Fig.  1. — Forty  U.  S.  weather  stations  with  reliable  hail  records  in  1915-50. 


of  hail  on  a  storm  date  was  a  dis¬ 
tance  of  at  least  40  miles  with  no 
hail  reports  between  hail  areas.  Us¬ 
ing  this  basis,  12  of  the  storm  days 
had  two  or  more  distinct  hail  areas 
and  seven  of  these  had  three  hail 
areas.  This  analysis  indicated  that 
37  hail  areas  were  produced  by  the 
18  storm  days.  In  general,  the 

severest  of  the  18  storm  da  vs  were 

«/ 


the  da  vs  with  three  or  more  hail 
areas. 

Number  of  weather  bureau  sta¬ 
tions  reporting  hail  in  each  storm. 
On  eight  storm  days  hail  was  re¬ 
ported  at  four  or  more  of  the  40 
U.  S.  Weather  Bureau  stations  used 
in  this  analysis  (Fig.  1).  The  great¬ 
est  number  of  stations  reporting  hail 
on  any  one  dav  was  nine  on  August 
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Fig.  2. — Number  of  times  that  eacli  crop  district  was  affected  by  the  IS  most 
severe  summer  hailstorms. 


17,  1948.  On  a  monetary  basis,  this 
storm  day  was  classified  as  the  most 
severe  of  the  18.  Flora  (1956)  in 
his  listing  of  severe  Illinois  hail 
storms  also  classified  this  hailstorm 
day  as  the  worst  on  record  in  Illi¬ 
nois,  although  his  loss  data  were 
not  normalized  for  changing  prices. 
In  general,  there  is  a  good  relation¬ 
ship  between  the  rank  or  severity 


of  the  storms  and  the  number  of 
Weather  Bureau  stations  reporting 
hail. 

Regional  and  county  distributions 
of  hail.  From  detailed  areal  plots 
of  hail  on  each  storm  day,  the  num¬ 
ber  of  times  each  county  experienced 
hail  was  determined.  Utilizing  these 
data,  the  number  of  times  these  18 
storm  days  produced  hail  in  each 
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U.  S.  Weather  Bureau  crop -report¬ 
ing  district  (Illinois  Agricultural 
Statistics,  1958)  also  was  plotted. 
The  areal  frequency  results  for  the 
nine  Illinois  crop-reporting  dis¬ 
tricts,  which  are  areas  of  approxi¬ 
mately  equal  size,  are  shown  in  Fig¬ 
ure  2.  Since  hailstorms  during  most 
of  the  18  days  affected  more  than 
one  district,  the  total  number  of 
occurrences  was  57,  exceeding  the 
number  of  storm  days  by  a  factor 
of  three.  Inspection  of  Figure  2 
shows  that  the  upper  two-thirds  of 
the  western  portion  of  Illinois  had 
the  greatest  number  of  experiences 
with  the  three  westernmost  districts 
having  almost  equal  frequencies. 
The  number  of  occurrences  by  dis¬ 
tricts  diminishes  rapidly  to  the  south 
and  east  from  the  high  incidence 
region  in  the  west. 

To  obtain  a  more  detailed  descrip¬ 
tion  of  areal  distribution,  the  num¬ 
ber  of  times  each  county  experi¬ 
enced  hail  resulting  from  the  18 
storm  days  was  plotted  (Fig.  3). 
The  pattern  is  similar  to  that  in 
Figure  2,  although  the  concentra¬ 
tion  in  western  Illinois  separates, 
on  the  county  basis,  into  two  dis¬ 
tinct  areas  of  most  frequent  experi¬ 
ence.  The  most  prominent  area, 
with  four  or  more  experiences,  ex¬ 
tends  northeastward  from  Adams 
County  for  200  miles  into  Carroll 
County.  A  secondary  maximum  oc¬ 
curs  in  three  counties :  Morgan,  San¬ 
gamon,  and  Montgomery.  Areas  of 
no  experience  are  shown  in  portions 
of  northeastern,  eastern,  and  south¬ 
ern  Illinois.  The  general  distribu¬ 
tion  pattern  revealed  by  this  map 
relates  well  to  the  average  summer 
hail  distribution  in  Illinois  (Huff 
and  Changnon,  1959). 


To  describe  the  county  distribu¬ 
tion  of  hail  damage,  the  number 
of  times  each  county  experienced 
hail  damage  is  shown  in  Figure  4. 
The  pattern  is  generally  similar  to 
that  in  Figure  3  except  that  the 
areal  frequency  values  are  lower 
and  the  areas  of  high  incidence  are 
smaller.  The  entire  southeastern 
half  of  Illinois  except  for  a  few 
isolated  areas,  had  no  hail  damage. 
Three  counties,  Whiteside,  Warren, 
and  Hancock,  had  the  greatest  fre¬ 
quency  of  damaging  hail  experi¬ 
ences. 

Synoptic  Weather 

The  type  of  surface  synoptic  con¬ 
ditions  associated  with  the  occur¬ 
rence  of  the  18  hailstorm  days  was 
investigated.  No  analysis  of  upper- 
air  data  was  performed  due  to  the 
lack  of  these  data  during  most  of 
the  36-year  period  of  study.  Analy¬ 
sis  of  surface  weather  conditions 
revealed  that  four  different  surface 
weather  types  were  associated  with 
the  hailstorms  on  the  eighteen  days. 
As  might  be  expected,  squall  lines 
were  the  most  frequent  type  of 
weather  associated  with  hailstorms, 
eight  storm  days  having  squall  lines. 
The  number  of  cold  front  cases  was 
five  with  four  cases  being  associated 
with  warm  fronts.  One  hailstorm 
day  was  associated  with  air  mass 
conditions. 

Associated  Weather  Conditions 

Severe  weather.  All  but  four  of 
the  severe  storm  days  had  associated 
reports  of  high  surface  winds.  Nine 
of  these  14  storm  days  with  high 
surface  winds  had  wind  damages  in 
addition  to  the  hail  damages.  The 


Hailstorms  in  Illinois 


storm  of  August  17,  1948,  had  a 
tornado  in  addition  to  high  surface 
wind  reports.  In  several  of  the 
storms,  damages  from  lightning  were 
reported.  In  most  instances,  these 
reports  of  wind  and  lightning  dam¬ 
ages  were  in  the  area  of  hail  dam¬ 
age.  The  presence  of  high  wind 
velocities  serves  to  increase  the  dam¬ 
age  potential  from  hail. 

Rainfall.  The  daily  rainfall  pat¬ 
tern  associated  with  each  of  the  18 
storm  days  was  plotted  using  U.  S. 
Weather  Bureau  records  (1915-51). 
From  these  maps,  studies  of  the 
association  of  rainfall  and  hail  were 
made  by  comparing  the  location  of 
hail  areas  with  respect  to  the  cores 
in  the  daily  rainfall  pattern,  by 
ascertaining  mean  daily  rainfall  val¬ 
ues  for  the  hail  areas,  and  by  de¬ 
termining  the  state-wide  rank  of  the 
highest  daily  rainfall  value  found 
in  the  hail  areas  of  each  storm  day. 

To  ascertain  the  juxtaposition  of 
the  hail  area  and  the  rainfall  cores, 
the  hail  areas  were  described  as  being 
either  in  or  out  of  a  rainfall  core. 
A  rainfall  core  was  defined  as  a 
region  of  relatively  heavy  rainfall 
having  appreciable  decreases  in  rain¬ 
fall  amounts  away  from  the  region 
in  two  or  more  directions.  As  men¬ 
tioned  previously,  there  were  37  sep¬ 
arate  areas  of  hail  on  the  18  hail 
days.  Thirty-four  of  these  hail 
areas  were  found  to  lie  within  rain¬ 
fall  cores  which  indicated  that  a 
relationship  existed  between  areas 
of  maximum  rainfall  and  hail  in¬ 
cidence  areas.  A  previous  study 
of  the  relationship  of  hail  occur¬ 
rences  to  rainfall  cores  based  on 
severe  spring  hailstorm  days  in  Illi¬ 
nois  (ITuff  and  Changnon,  1959) 


indicated  that  63%  of  the  hail  oc¬ 
currences  were  in  rainfall  cores  as 
compared  to  92%  in  these  18  sum¬ 
mer  hailstorm  days. 

To  obtain  an  estimate  of  the  areal 
significance  of  the  heavy,  rainfall 
found  within  the  hail  areas,  the 
highest  point  rainfall  value  occur¬ 
ring  in  a  hail  area  for  each  storm 
was  selected.  This  value  then  was 
compared  with  all  point  values  in 
the  area  of  Illinois  with  no  hail  oc¬ 
currences,  and  the  highest  hail  area 
value  was  assigned  a  rank  in  rela¬ 
tion  to  all  other  high  values  in  Illi¬ 
nois.  This  analysis  revealed  that, 
in  13  of  the  18  storm  days,  the  high¬ 
est  point  rainfall  in  the  hail  area 
ranked  either  first  or  second  for  the 
entire  state  on  those  13  storm  davs. 

Conclusions 

The  18  most  severe  summer  hail¬ 
storm  days  in  the  1915-50  period 
produced  losses  which  appear  large 
to  the  average  Illinois  citizen  and 
farmer,  but  the  actual  amount  of 
the  Illinois  annual  farm  value  de¬ 
stroyed  by  the  most  severe  hailstorm 
day  was  minor,  only  0.38  percent  of 
the  total.  The  greatest  amount  of 
damage  on  one  storm  day,  normal¬ 
ized  to  1910-14  price  indices,  was 
$3,172,508,  which  occurred  on  Au¬ 
gust  17,  1948. 

The  hailstorms  on  the  18  days 
occurred  most  frequently  in  the  late 
afternoon  and  early  evening,  and 
the  duration  of  hail  averaged  2.4 
hrs.  No  correlation  existed  between 
storm  duration  and  amount  of  mone¬ 
tary  loss.  Maximum  hailstone  sizes 
associated  with  the  extremely  severe 
summer  hailstorms  were  at  least  1  in. 
in  diameter,  although  the  amount 
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ig.  3.  Number  of  times  each  county  experienced  hail  produced  by  the  IS 
most  severe  storms. 
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Fig.  4. — Number  of  times  each  county  experienced  hail  damage  resulting  from 
the  18  most  severe  hailstorms. 
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of  damage  produced  by  a  storm  was 
not  a  function  of  maximum  stone 
size,  differences  occurring  in  the 
range  from  one  to  four  inches  in 
diameter.  Path  sizes  associated  with 
the  severe  hailstorms  varied  con¬ 
siderably.  The  average  path  width 
was  4  mi.  and  the  average  length 
was  18  mi.  There  appeared  to  be 
no  relation  between  the  path  size 
and  the  amount  of  damage  produced. 

Based  on  the  18  storm  days 
studied,  summer  hailstorm  damage 
was  most  frequent  in  western,  north¬ 
western,  and  southwestern  Illinois, 
and  was  least  frequent  in  southern 
Illinois.  The  areal  extent  of  hail 
and  hail  damage  varied  considerably 
between  storms,  and  occasionally  the 
damage  area  was  relatively  small. 
However,  normally  the  larger  the 
area  of  hail,  the  greater  was  the 
damage.  Therefore,  areal  extent  of 
hail  appears  to  be  one  of  the  best 
surface  factors  correlated  with  the 
amount  of  monetary  loss. 

The  investigation  of  synoptic 
weather  types  associated  with  the 
severe  summer  hailstorms  indicated 
that  there  was  no  single  weather 
type  which  could  be  considered  the 
predominating  cause  of  these  hail¬ 
storms.  Most  of  the  severe  hail¬ 
storms  were  accompanied  by  high 
surface  winds  which  increased  crop 
damage  from  hail.  The  occurrence 


of  high  winds  appears  to  be  a  sec¬ 
ond  factor  correlated  well  with  the 
amount  of  damage.  The  areas  of 
hail  were  frequently  associated  with 
heavy  rainfall,  often  greater  than 
0.9  inch  per  day,  and  92%  of  the 
hail  areas  were  found  in  the  rain¬ 
fall  cores.  Frequently,  the  highest 
rainfall  value  in  the  hail  area  was 
the  highest  in  Illinois  for  that  date. 
However,  the  extent  or  intensity  of 
rainfall  did  not  always  reflect  the 
amount  of  hail  damage. 
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STRATIGRAPHIC  ASPECTS  OF  THE  CASEYVILLE 
GROUP  IN  THE  VICINITY  OF  POMONA, 
JACKSON  COUNTY,  ILLINOIS 

GEORGE  A.  DESBOROUGH 
Southern  Illinois  University,  Carbondale 


Introduction 

The  area  studied  in  this  investiga¬ 
tion  is  situated  along  the  margin  of 
the  Caseyville  (basal  Pennsylvani¬ 
an)  outcrop  area  in  extreme  south¬ 
western  Illinois  (Fig.  1).  In  this 
report  some  stratigraphic  aspects  of 
the  Caseyville  rocks  which  are  well 
exposed  in  the  area  and  certain  re¬ 
lationships  of  pre-Pennsylvanian 
channel  development  which  have 
not  been  considered  heretofore  will 
be  pointed  out. 


Part  of  the  field  work  for  this  in¬ 
vestigation  was  conducted  between 
the  fall  of  1957  and  the  summer  of 
1958  as  part  of  a  mapping  project  in 
cooperation  with  the  Illinois  State 
Geological  Survey.  It  is  based  on 
detailed  field  study  and  detailed 
geologic  sections.  The  author  is 
solely  responsible  for  the  opinions 
and  conclusions  expressed  herein. 

Stratigraphy  and  Structure 

The  study  area  is  underlain  domi¬ 
nantly  by  strata  of  Caseyville  age 


SCALE 


Fig.  1. — Index  map  of  study  area  showing  Wanless’  channel. 
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Table  1. — Geologic  column  in  Pomona  and  vicinity. 
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LITHOLOGY 


90-130 


Sandstone,  massive,  cross- 
bedded,  locally  contains 
quartz  pebbles. 


DRURY  SHALE  AND  SANDSTONE 


80-120 


Shale  and  sandstone; 
carbonaceous  shale,  fine¬ 
grained  sandstone,  shale- 
pebble  conglomerates. 


BATTERY  ROCK  SANDSTONE. . .  . 
(LICK  CREEK) 


90-110 


Sandstone,  massive,  cross- 
bedded,  locally  contains 
quartz  and  chert  pebbles. 


LUSK  FORMATION . 

(WAYSIDE  SHALE  AND 
SANDSTONE) 

- UNCONFORMITY 


30-60 


Sandstone  and  shale;  thin- 
bedded  and  fine-grained 
sandstones,  arenaceous 
shale. 
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0-70  Limestone,  massive,  cherty, 
fossiliferous;  locally  absent. 

40-80  Sandstone,  massive  and 
thin-bedded. 


20-70  Shale  and  limestone;  cal¬ 
careous  shale;  dark,  dense, 
limestone,  fossiliferous. 

20-30  Sandstone,  thin-bedded, 
fine-grained. 


60-100 


Limestone  and  shale,  inter- 
bedded,  fossiliferous. 


which  consist  of  interbedded  sand¬ 
stone  and  shale  and  include  those 
superjacent  to  Chester  strata  and 
below  the  top  of  the  Pounds  sand¬ 
stone  (Table  I).  All  of  the  Casey  - 
ville  units  discussed  in  this  report 
were  recognized  by  Lamar  (1925, 
pp.  83-84). 

Although  it  is  not  the  purpose  of 
this  paper  to  discuss  the  structure 
of  the  area,  a  brief  summary  of  it 
is  necessary  because  it  locally  com¬ 


plicates  the  stratigraphy  and  both 
must  be  interpreted  simultaneously. 

Faults  (Fig.  2)  of  both  pre-Penn¬ 
sylvanian  and  post-Pennsylvanian 
ages  are  common  in  the  area  and  are 
numerous  in  secs.  28  and  33,  T.  10 
S.,  R.  2  AY.  (for  greater  detail  see 
Desborough,  1957).  In  these  two 
sections  the  pre-Pennsylvanian  fault¬ 
ing  is  very  complex,  with  tilted  pre- 
Pennsylvanian  strata  truncated  by 
basal  Pennsylvanian  sediments  at  a 
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Geologic  map  of  study  area. 
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conspicuous  angular  unconformity 
that  is  not  very  irregular  if  post- 
Pennsylvanian  faulting  is  disregard¬ 
ed.  Post-Pennsylvanian  faults  may 
be  more  common  than  illustrated  be¬ 
cause  the  similarity  of  the  Casey- 
ville  sediments  makes  it  difficult  to 
recognize  faults  in  them. 

The  major  fault  which  strikes 
N  40-60 °W  is  important  because  it 
tends  to  obscure  the  thickness  of  the 
lower  Caseyville  and  upper  Chester 
sediments.  This  fault  has  recently 
been  traced  almost  nine  miles  along 
its  strike.  The  displacement  is  great¬ 
est  northwest  of  Pomona  where  the 
Degonia  sandstone  on  the  south  side 
of  the  fault  lies  adjacent  to  the 
Pounds  sandstone  on  the  north.  The 
displacement  decreases  southeast¬ 
ward. 

Certain  inconsistencies  in  the  ap¬ 
parent  displacement  along  some  of 
the  faults  are  attributed  to  two 
movements  along  the  same  fault 
plane ;  one  during  pre-Pennsylvani¬ 
an,  the  other  during  post-Pennsyl¬ 
vanian  time.  Evidence  indicates  that 
in  some  cases  these  two  movements 
were  in  opposite  directions  (Des- 
borough,  1957,  p.  201). 

Lusk  Formation 

This  formation  is  represented  by 
a  sandstone  which  is  the  lowest 
Pennsylvanian  formation  in  the  area. 
It  is  the  equivalent  of  Lamar’s  Way- 
side  sandstone  and  shale  (Lamar, 
1925,  p.  84).  It  rests  unconform- 
ably  upon  the  Kinkaid  limestone 
where  the  latter  has  not  been  re¬ 
moved  by  post-Mississippian  —  pre- 
Pennsylvanian  erosion.  The  uncon- 
formable  relationship  between  the 
Lusk  and  the  Kinkaid  limestone  is 


well  exposed  northeast  of  Pomona 
in  the  major  stream  in  the  SW1^ 
SE%  sec.  21,  T.  10  S.,  P.  2  W.  The 
Lusk-Battery  Pock  sandstone  con¬ 
tact  is  exposed  in  the  road  cut  about 
one-tenth  of  a  mile  east  of  Pomona. 

In  this  area  the  Lusk  formation 
is  typically  a  fine-grained,  thin- 
bedded  micaceous  sandstone  in  which 
thin  shale  beds  are  locally  developed. 
Although  it  is  somewhat  carbona¬ 
ceous  in  character,  no  laterally  per¬ 
sistent  coal  beds  have  been  found. 
Massive  beds  of  medium-grained, 
poorly  sorted,  conglomeratic  sand¬ 
stone  less  than  10  feet  thick  are 
found  as  lenses  which  are  apparent¬ 
ly  local.  One  of  these  beds  is  ex¬ 
posed  along  the  stream  in  the  SAV^ 
SEi/4  sec.  21,  T.  10  S.,  P.  2  W.  The 
cementing  material  of  the  Lusk  sand¬ 
stone  consists  primarily  of  authi- 
genic  quartz  which  gives  the  rock 
a  quartzitic  fracture.  An  argilla¬ 
ceous  matrix  is  common  and  one  thin 
bed  of  medium-grained  sandstone 
has  a  calcareous  matrix  and  con¬ 
tains  interstitial  pyrite  in  the  form 
of  subhedral  crystals  and  massive 
disseminated  pyrite.  Color  varies 
from  white,  pale  yellow,  brown,  to 
gray  on  both  outcrop  and  fresh  frac¬ 
ture.  Most  of  the  thin  beds  contain 
well-sorted  quartz  grains,  in  con¬ 
trast  with  the  poorly-sorted  massive 
beds.  Pipple  marks  are  common  and 
the  current  type  is  dominant. 

Plant  fossils  are  replaced  by  mar- 
casite  or  represented  by  impressions 
in  the  sandstone  and  are  thus  poorly 
preserved.  They  are  most  abundant 
along  the  stream  in  the  NE^  sec. 
28,  T.  10  S.,  R.  2  W. 

The  thickness  of  the  Lusk  sand¬ 
stone  varies  slightly  in  the  Pomona 
area  due  to  the  irregularity  of  the 
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Fig.  3. — Cross-section  from  Pomona  southeastward  to  the  south  side  of  sec. 
36,  T.  10  S.,  R.  2  W. 


post-Mississippian  - — -  p re- Pennsyl¬ 
vanian  erosion  surface.  The  maxi¬ 
mum  thickness  may  exceed  60  feet. 
A  good  exposure  of  Lusk  sandstone 
is  found  along  the  stream  in  the 
SW14  SE%  sec.  21,  T.  10  S.,  R.  2  W. 

I11  the  stream  bed  of  Topping 
Creek  in  the  SW%  SE %  sec.  27, 
T.  10  S.,  R.  2  W.,  an  arenaceous, 
ferruginous,  limestone  conglomerate 
is  exposed.  Due  to  slumping  of  the 
hillside,  the  thickness  is  undeter¬ 
minable,  but  a  bed  one  foot  thick  is 
exposed.  The  stratigraphic  position 
of  this  unit  is  difficult  to  establish 
because  a  major  fault  (strike  NW- 
SE)  is  situated  a  few  hundred  feet 
to  the  north  of  the  exposure;  how¬ 
ever,  stratigraphic  relationships  in 
the  vicinity  of  the  exposure  indicate 
that  the  conglomerate  is  in  the  Lusk 
formation,  perhaps  the  lower  part. 
Large  blocks  of  conglomeratic  sand¬ 
stone,  similar  to  the  Battery  Rock, 
have  slumped  from  the  hill  above 
and  have  come  to  rest  near  the  lime¬ 
stone  conglomerate. 

The  lithologic  character  of  this 
limestone  conglomerate  is  not  like 


any  rock-type  recognized  in  the  area. 
The  matrix  consists  of  arenaceous 
limestone,  with  subordinate  crystal¬ 
line  limestone  and  calcareous,  mica¬ 
ceous  sandstone.  The  fragments  are 
composed  of  dense  limestone,  iron¬ 
stone  and  marcasite  concretions,  fine¬ 
grained,  calcareous  sandstone,  chert 
pebbles,  carbonized  and  silicified 
plant  remains,  coal,  small  quartz 
pebbles,  and  pale  green  discoidal 
clay  inclusions,  in  order  of  abun¬ 
dance.  The  rock  is  well-cemented 
and  resistant,  and  weathers  with  a 
knobby  surface.  Plant  remains  and 
one  unidentifiable  coral  (solitary 
type)  are  the  only  fossils  which 
have  been  recognized. 

Excepting  the  chert  and  quartz 
pebbles  in  the  conglomerate,  the 
fragments  are  not  appreciably 
rounded.  Many  of  the  larger  frag¬ 
ments  exceed  three  inches  across  and 
have  an  irregular  shape.  These 
characteristics  imply  that  most  of 
the  heterogeneous  rock  was  locally 
derived  from  pre-existing  upper 
Chester  strata.  This  conclusion  is 
consistent  with  the  findings  of  Siever 
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(1951,  p.  548)  who  discussed  a  simi¬ 
lar  lithologic  type. 

Battery  Bock  Sandstone 

This  stratigraphic  unit  consists  of 
medium-grained  sandstone  which  is 
locally  conglomeratic.  It  may  be 
considered  an  orthoquartzite.  Typi¬ 
cally  it  is  a  massive,  cross-bedded 
sandstone  which  forms  prominent 
bluffs.  It  is  the  equivalent  of  La¬ 
mar’s  Lick  Creek  sandstone  (1925, 
p.  85).  A  good  exposure  of  the  Bat¬ 
tery  Rock  sandstone  may  be  ob¬ 
served  along  the  east  valley-wall  of 
Cave  Creek  north  of  Pomona  where 
the  resistant  unit  forms  prominent 
cliffs  and  bluffs. 

Both  chert  and  quartz  pebbles 
compose  the  conglomeratic  elements 
of  this  sandstone.  Along  the  base 
of  the  Battery  Rock  bluff  about  one- 
fifth  of  a  mile  northwest  of  Pomona, 
and  east  of  the  Gulf,  Mobile  and 
Ohio  Railroad,  chert  pebbles  as  large 
as  two  inches  in  diameter  have  been 
found.  This  conglomeratic  nature 
is  not  persistent,  however,  and  for 
the  most  part  the  Battery  Rock  sand¬ 
stone  is  not  conglomeratic. 

Cross-bedding  and  ripple  marks 
are  common  features  of  the  Battery 
Rock  sandstone  and  the  former  fea¬ 
ture  is  quite  characteristic  when  con¬ 
trasting  this  unit  with  the  Drury 
sandstone  above  and  the  Lusk  sand¬ 
stone  below. 

Argillaceous  material  of  primary 
origin  is  not  common,  although  thin 
lenses  of  arenaceous  shale  were  ob¬ 
served  in  the  SW^  sec.  21,  T.  10  S., 
R.  2  W.  Mica  is  generally  rare  and 
dark  minerals  are  seldom  conspicu¬ 
ous.  Lithologically  the  Battery  Rock 
sandstone  is  a  clean  quartzose  sand¬ 


stone  in  which  secondary  over¬ 
growths  are  prominent  in  thin  sec¬ 
tions.  Silica  is  the  dominant  cement 
but  specimens  obtained  from  most 
exposures  contain  secondary  iron 
oxides  as  an  interstitial  component. 

The  Battery  Rock  sandstone  is 
thought  to  have  a  maximum  thick¬ 
ness  of  110  feet  in  this  area  although 
no  measurement  has  been  made 
where  stratigraphic  relationships  are 
clear.  At  Saltpeter  Cave  in  the 
SW%  NE%  sec.  15,  T.  10  S.,  R.  2W., 
the  Battery  Rock  sandstone  forms 
an  overhang  and  here  attains  a  thick¬ 
ness  of  about  90  feet. 

Drury  Formation 

The  Drury  shale  and  sandstone, 
as  described  by  Lamar  (1925,  pp. 
91-95),  lies  stratigrapliically  above 
the  Battery  Rock  sandstone  and  be¬ 
low  the  next  persistent,  thick,  mas¬ 
sive  sandstone  —  the  Pounds.  Its 
variable  lithology  is  perhaps  the 
best  criterion  but  the  well-developed 
shale  units  and  the  fine-grained 
character  of  the  sandstone  also  serve 
to  distinguish  the  Drury  formation 
from  the  massive  Battery  Rock  and 
Pounds  sandstones.  Coal  lenses  are 
developed  locally  and  plant  fossils 
are  abundant.  The  thickness  of  the 
Drury  formation  is  thought  to  vary 
from  80  to  120  feet. 

Correlation  of  individual  sand¬ 
stone  or  shale  units  within  the  Drury 
is  difficult  because  they  either  are 
not  persistent  laterally  or  vary 
greatly  in  facies  within  short  dis¬ 
tances.  Generally,  described  colum¬ 
nar  sections  less  than  one  mile  apart 
reveal  no  similarity. 

A  thin  coal  bed  exposed  about 
10-15  feet  below  the  Drurv-Pounds 
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contact  along  the  south  valley-wall 
of  Cedar  Creek  in  S.%  sec.  10,  T. 
10  S.,  R.  2  W.,  has  been  correlated 
across  Cedar  Creek  Valley  to  the 
north,  but  about  two  miles  south¬ 
east,  in  the  stream  in  the  NE1/! 
NE^  sec.  24,  where  the  Drury  for¬ 
mation  and  the  Pounds  sandstone 
lie  apparently  conformable,  the  coal 
bed  is  absent  and  in  its  stead  there 
are  several  feet  of  dark  gray,  car¬ 
bonaceous  shale. 

Pounds  Sandstone 

The  Pounds  sandstone  is  equiva¬ 
lent  to  Lamar’s  (1925,  p.  95)  lower 
massive  Makanda  sandstone.  It  is 
very  similar  to  the  Battery  Rock 
sandstone  with  respect  to  its  mas¬ 
siveness,  cross-bedded  nature,  and 
the  presence  of  quartz  pebbles.  One 
exposure  in  the  C.  sec.  13,  T.  10  S., 
R.  2  W.,  consists  of  126  feet  of  mas¬ 
sive,  cross-bedded  sandstone  which 
contains  quartz  pebbles.  A  similar 
section  128  feet  thick  is  exposed  in 
the  NE1/^  sec.  23.  The  Pounds  sand¬ 
stone  forms  persistent  bluffs  through¬ 
out  the  area  due  to  its  resistant 
nature. 

Lithologically  the  Pounds  sand¬ 
stone  is  a  clean  orthoquartzite  and 
for  the  most  part,  is  medium-grained, 
with  secondary  iron  oxide  cement. 
Plant  fossil  impressions  are  present. 
An  exposure  in  sec.  13  contains  a 
few  thin  lenses  of  shale. 

Pre-Pennsylvanian  Channels 

During  earlier  studies  Weller 
(1940,  p.  23)  thought  that  no  greater 
than  250  feet  of  sediments  repre¬ 
sented  the  Caseyville  group  in  the 
Alto  Pass  quadrangle  (in  which  the 
present  study  area  lies) .  It  has  been 


found  in  this  investigation  that  at 
least  340  feet  of  strata  lie  between 
the  top  of  the  Pounds  sandstone  and 
the  Mississippian-Pennsylvanian  un¬ 
conformity  (Table  I).  The  maxi¬ 
mum  compiled  thickness  of  the  in¬ 
dividual  units  in  this  interval  (Lusk 
formation  through  Pounds  sand¬ 
stone  inclusive)  is  locally  420  feet. 
Previously  Potter  and  Siever  (1956,, 
p.  228)  thought  that  the  maximum 
thickness  of  the  Caseyville  group  in 
Illinois  was  about  400  feet  and  oc¬ 
curred  in  southeastern  Illinois.  Pot¬ 
ter  and  Glass  (1958,  p.  12)  give  an 
average  thickness  of  about  350  feet 
for  the  Caseyville  group,  which  is 
somewhat  less  than  the  average  in 
this  area.  The  local  maximum  thick¬ 
ness  of  420  feet  for  the  Caseyville 
group  is  as  great  as  in  any  other 
area  in  southern  Illinois  and  on  the 
assumption  that  the  greatest  thick¬ 
ness  of  clastic  sediments  would  ac¬ 
cumulate  in  the  area  of  maximum 
subsidence  supports  Potter  and 
Siever ’s  concept  of  a  southwestward 
regional  slope  during  Caseyville 
sedimentation  (1956,  p.  240). 

As  projected  by  Wanless  (1955, 
pp.  1760-61)  and  Potter  et  al.  (1958, 
p.  1035),  the  major  pre-Pennsyl¬ 
vanian  channel  which  Siever  (1951, 
p.  561)  indicated  as  occurring  near 
northeastern  Jackson  County  and 
continuing  southwestward  across  the 
county  crosses  the  present  study 
area  (Fig.  1).  Wanless  (1955,  pp. 
1760-61)  depicted  this  pre-Pennsyl¬ 
vanian  channel  as  incised  into  un¬ 
differentiated  Degonia,  Clore,  and 
Palestine  while  Potter  et  al.  (1958, 
p.  1035)  indicated  that  the  Degonia 
is  cut  out  of  the  channel  in  William¬ 
son  and  Jackson  Counties.  If  this 
is  the  case:  (1)  there  should  be  no 
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Kinkaid  limestone  or  Degonia  sand¬ 
stone  in  the  channel  area;  (2)  if  the 
interfluve  areas  were  capped  by  Kin¬ 
kaid  limestone  while  the  channel 
base  consisted  of  Clore  or  Palestine 
formations,  there  should  be  a  local 
relief  of  100  to  200  feet  on  the 
Pennsylvanian  surface;  (3)  with 
such  a  local  relief,  there  should  be 
concomitant  variations  in  the  thick¬ 
ness  and  lithology  of  the  basal  Penn¬ 
sylvanian  sediments. 

«/ 

However,  contrary  to  (1),  the 
Kinkaid  limestone  has  been  recog¬ 
nized  near  Pomona  and  at  a  number 
of  other  exposures  in  the  area  (Wel¬ 
ler  and  Ekblaw,  1940,  pi.  I)  and  may 
be  as  thick  as  70  feet  (Desborough, 
1957,  p.  200).  Weller  and  Ekblaw 
(1940,  pi.  I)  have  also  recognized 
the  Degonia  sandstone  in  large  fault 
blocks  along  the  G.  M.  &  O.  Kail- 
road  just  south  of  Pomona  and  in 
relatively  continuous  outcrop  three 
miles  north  of  Alto  Pass. 

The  thickness  and  lithology  of 
the  Lusk  formation  (basal  Penn¬ 
sylvanian)  in  sec.  27,  T.  10  S.,  R. 

2  W.,  in  the  middle  of  the  supposed 
pre-Pennsylvanian  channel,  are  no 
different  from  those  in  the  exposures 
a  few  miles  west  of  Pomona  (C.  sec. 
19,  T.  10  S.,  R.  2  W.,  and  SW% 
SEi/4  and  C.  sec.  25,  T.  10  S.,  R, 

3  W.)  and  in  a  good  exposure  about 
two  and  one-half  miles  south  of 
Pomona  (NE%  SE%  sec.  5,  T.  11 
S.,  R.  2  W.),  both  of  which  are  out¬ 
side  the  channel.  The  uniform  thick¬ 
ness  and  lithology  is  interpreted  to 
indicate  that  the  Lusk  formation 
was  deposited  on  a  relatively  flat 
surface  (Pig.  3). 

The  author  agrees  with  Wanless 
(1955,  p.  1765)  that  Caseyville  stra¬ 
ta  may  be  found  in  contact  with 


Chester  strata  as  low  as  Palestine 
sandstone.  However  this  need  not 
be  due  exclusively  to  pre-Pennsyl¬ 
vanian  channel  erosion.  It  has  been 
shown  by  St.  Clair  (1917),  Ekblaw 
(1925),  and  Desborough  (1957)  that 
post-Cliesteran  —  pre-Pennsylvanian 
faulting  has  played  an  important 
role  in  the  vicinity  of  Alto  Pass  and 
Pomona.  Based  on  stratigraphic  re¬ 
lationships  (Desborough,  1957,  p. 
203),  some  of  the  displacements 
along  the  faults  in  the  Pomona  area 
are  known  to  be  100  feet.  Such 
displacements  together  with  contem¬ 
poraneous  and  subsequent  erosion 
could  account  for  unconformable  re¬ 
lationships  between  Chester  strata 
and  the  overlying  Caseyville  rocks. 
It  is  therefore  concluded  that  the 
unconformable  relations  of  the  Ches¬ 
ter  and  Pennsylvanian  strata  do  not 
demonstrate  the  presence  of  a  pre- 
Pennsylvanian  channel  in  the  area 
but  can  be  adequately  explained  by 
post-Chesteran  —  pre-Pennsylvanian 
faulting  with  accompanying  or  sub¬ 
sequent  erosion  to  a  relatively  flat 
surface  on  which  the  basal  Pennsyl¬ 
vanian  sediments  were  deposited. 

Summary 

1.  There  is  no  evidence  to  substan¬ 
tiate  the  presence  of  a  pre-Penn¬ 
sylvanian  channel  incised  into 
the  Degonia,  Clore  and  Palestine 
formations  in  the  vicinity  of 
Pomona. 

2.  Pre-Pennsylvanian  channel  de¬ 
velopment  in  the  vicinity  of  Po¬ 
mona  is  not  necessarily  respon¬ 
sible  for  the  local  absence  of  the 
Kinkaid  limestone  and  the  De¬ 
gonia  sandstone.  The  absence  of 
these  formations  locally  is  prob- 
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ably  clue  to  pre-Pennsylvanian 
faulting  and  subsequent  erosion 
and  weathering  which  reduced 
the  local  relief  produced  by  the 
faulting. 

3.  The  lack  of  considerable  thick¬ 
ness  and  lithologic  variation  of 
the  Lusk  formation  indicates  it 
was  locally  deposited  on  an  ero¬ 
sion  surface  of  low  relief. 

4.  The  local  maximum  thickness  of 
420  feet  for  the  Caseyville  group 
is  as  great  as  any  thickness  meas¬ 
ured  along  the  outcrop  belt  and 
therefore  may  support  the  con¬ 
cept  of  a  southwestward  regional 
slope  during  Caseyville  sedimen¬ 
tation. 
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Introduction 

The  aim  of  this  study  is  to  dis¬ 
cover  the  population  characteristics 
of  those  Illinois  communities  which 
can  be  regarded  as  “progressive”. 
Towns  and  cities  which  express 
progressivism  are  marked  by  a  pat¬ 
tern  of  community  services  and  a  use 
of  municipal  resources  different 
from  other  localities  in  the  state. 
The  progressive  type,  as  the  term 
suggests,  are  those  places  which  are 
first  to  adopt  certain  policies  or  pro¬ 
grams  which  serve  or  benefit  the 
whole  community  and  which  are  re¬ 
garded  as  desirable  for  all  localities. 
At  least,  such  programs  and  policies, 
in  time,  come  to  be  accepted  by  other 
municipalities  after  the  innovation 
has  been  made  in  various  progres¬ 
sive  communities.  These  places  can 
be  regarded  as  the  “pace-setters”  in 
introducing  into  localities  items  such 
as  public  streetlighting,  the  city- 
manager,  the  planning  commission, 
the  mental  health  clinic,  school  con¬ 
solidation,  local  art  and  recreational 
programs,  the  traffic  engineer,  hu¬ 
man  relations  commissions  and  other 
functions  which  are  expected  to  pro¬ 
vide  over-all  services  for  the  local 
population.  In  short,  progressivism 
betokens  allocation  of  a  higher  pro¬ 
portion  of  municipal  funds  and  of 
the  budget  of  other  local  govern¬ 
mental  units  for  purposes  which 
benefit  the  residents-at -large.  The 
question  to  be  answered  here  is,  is 
it  possible  to  discover  the  character¬ 
istics  of  the  people  who  live  in 
progressive  localities  ? 


The  underlying  purpose  for  seek¬ 
ing  an  answer  to  this  question  is  to 
build  up  a  body  of  information  about 
conditions  and  influences  in  the 
towns  and  cities  of  Illinois  which 
affect  their  response  to  the  expand¬ 
ing  challenges  offered  to  community 
life.  It  seems  likely  that  the  current 
public  debate  revolving  about  the 
desirability  and  feasibility  of  in¬ 
creasing  the  amount  of  community 
support  for  services  to  local  inhabi¬ 
tants  will  continue.  Some  under¬ 
standing  of  the  nature  of  the  locali¬ 
ties  which  now  impose  upon 
themselves  a  high  burden  for  such 
services  may  cast  light  on  both  the 
capacity  and  desire  of  other  com¬ 
munities  to  follow  this  trend. 

Method  and  Results 

The  first  step  was  to  select  an  in¬ 
dex  of  progressivism.  Such  a  meas¬ 
ure  would  be  one  for  which  there 
was  accurate  report  as  to  its  pres¬ 
ence  and  extent  in  various  localities 
including  smaller  cities ;  it  should 
be  a  service  for  which  professional 
personnel  were  readily  available  so 
that  any  community  which  wished 
to  avail  itself  of  this  function  could 
do  so  at  reasonable  expense,  and  it 
should  be  a  service  which  could  vary 
in  degree  of  adequacy  where  it  is 
present.  Library  facilities  and  per¬ 
sonnel  appeared  to  satisfy  these 
requisites,  so  the  record  of  commu¬ 
nity  library  services  was  selected  as 
the  index.  Communities  with  a  high 
level  of  such  services  are  assumed 
to  be  progressive. 
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The  next  step  was  to  choose  known 
characteristics  which  would  describe 
the  population  composition  of  the 
communities  of  the  state.  Obvious¬ 
ly,  the  volumes  of  the  decennial 
U.  S.  Census  of  population  offer  the 
best  set  of  pertinent  and  comparable 
data  for  this  purpose.  The  Census 
reports  eleven  traits  of  population 
for  all  places  over  2,500  in  size. 
These  traits  could  be  statistically 
correlated  with  the  information  on 
library  services  available  for  all  ur¬ 
ban  places.  Then,  population  traits 
which  showed  a  marked  correlation 
with  measures  of  a  high  level  of 
library  service  would  describe  local 
populations  which  were  progressive ; 
those  traits  statistically  associated 
with  a  low  level  of  library  services 
would  indicate  ‘ 1  non-progressive  7 7 
localities;  and,  if  a  trait  showed  no 
relation  with  any  of  the  library  in¬ 
dices,  it  could  be  said  to  define  a 
population  make-up  which  was 
“neutral”  to  progressivism.  The 
procedure  followed  was  to  correlate 
all  population  traits  with  all  the 
items  of  information  on  library  fa¬ 
cilities  reported  for  the  communi¬ 
ties  of  the  state. 

The  sample  of  localities  selected 
included  all  the  places  defined  as 
urban  in  the  U.  S.  Census  of  1950 
outside  of  the  metropolitan  area  of 
Chicago,  which  was  taken  to  include 
Cook,  Dupage,  Lake,  Will  and  Kane 
counties.  Towns  and  cities  in  the 
Chicago  region  were  excluded  be¬ 
cause  it  was  felt  that  the  large  num¬ 
ber  of  commuter  suburbs  in  the  area 
represented  a  different  class  of  com¬ 
munities  in  respect  to  expenditures 
for  community  services.  The  data 
on  library  facilities  for  the  selected 
communities  in  the  rest  of  the  state 


were  compiled  from  the  September, 
1951  issue  of  Illinois  Libraries,  and 
these  variables  are  shown  in  Table  1. 
Community  characteristics  were 
items  reported  in  the  United  States 
Census,  1950  for  all  urban  places 
and  are  shown  in  Table  1.  Item  2 
in  this  table,  population  increase 
from  1940  to  1950,  was  computed 
separately  for  the  nine  communities 
whose  1950  population  was  reported 
in  the  Education  Directory  as  con¬ 
taining  students  in  excess  of  ten  per 
cent  of  the  population.  This  cor¬ 
rection  was  necessary  because  the 
1950  census  was  the  first  to  report 
students  as  community  residents. 

The  averages  and  standard  devia¬ 
tions  of  the  154  communities  in  the 
sample  for  all  twenty-six  variables 
were  figured  with  the  results  also 
shown  in  Table  1.  In  respect  to  most 
items  in  the  table,  there  is  a  broad 
range  in  the  values  for  the  items. 
This  might  be  expected  when  com¬ 
munities  range  in  size  from  2,500  to 
more  than  100,000  population.  As 
a  group  of  traits  the  library  vari¬ 
ables  show  greater  variation,  as  for 
example,  the  per  cent  of  population 
registered  at  the  library,  the  per 
capita  circulation,  hours  open  per 
week  and  the  two  primary  criteria 
of  progressivism  in  library  service 
— tax  income  and  tax  expenditure 
per  capita.  The  only  community 
variable  which  shows  such  extreme 
variation  is  per  cent  engaged  in 
manufacturing.  Certain  other  com¬ 
munity  variables  such  as  median  age 
and  median  school  year  completed 
show  a  relatively  low  range  in  values. 
In  general,  however,  the  range  in 
the  whole  set  of  variables  is  such 
that  product  moment  inter-correla¬ 
tions  between  all  26  items  would 
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Table  1.— Averages  and  standard  deviations  of  26  measures  of  community 
characteristics  and  library  facilities  of  154  Illinois  communities 

over  2500  population  as  of  1950. 


No. 

Item 

Arithmetic 

Means 

Standard 

Deviations 

1 

Community  Variables 

Size  . 

.  .  .  . . 11000.000 

1639.000 

2 

%  population  increase  1940-1950 . 

.  15.866 

2.373 

3 

Median  age  . . . 

.  33.271 

3.531 

4 

%  sixty-five  years  and  older . 

.  11.290 

3.079 

5 

%  non-white  . 

.  2.872 

.964 

6 

Median  school  years  completed . 

.  9.510 

1.078 

7 

%  male  in  the  labor  force . 

.  78.202 

7.498 

8 

%  female  in  the  labor  force . 

.  29.341 

4.794 

9 

%  engaged  in  manufacturing . 

.  27.621 

14.896 

10 

Median  income  . 

.  2771.400 

568.800 

11 

%  income  less  than  $2,000 . 

.  34.234 

11.114 

12 

Library  Variables 

%  of  population  registered . . . 

_  37.850 

19.230 

13 

Book  stock,  in  volumes . 

.  .  .  .20450.000 

3180.000 

14 

Total  circulation,  yearly  . 

_ 49460.000 

8415.000 

15 

Per  capita  circulation,  vearly . 

....  4.026 

2.073 

16 

%  of  the  circulation  that  was  fiction . 

_  68.110 

18.842 

17 

Hours  open  per  week . 

_  38.928 

19.079 

18 

Pull  time  staff  members . 

_  2.558 

.521 

19 

Tax  rate  . . 

. 043 

.002 

20 

Tax  income  . 

_ 11690.000 

2804.000 

21 

Total  income  . 

_ 12810.000 

2951.000 

22 

Total  expenditure  . 

_ 11990.000 

2673.000 

23 

%  of  total  expenditure  for  books,  magazines, 

and 

binding  . 

19.318 

8.854 

24 

%  of  total  expenditure  for  salaries . 

_  42.377 

13.640 

25 

Tax  income,  per  capita  . 

. 800 

.442 

26 

Expenditure,  per  capita . 

. 864 

.435 

show  many  relatively  large  standard 
errors  of  estimate.  This  point  must 
be  kept  in  mind  in  evaluating  the 
results  of  factor  analysis  of  this  set 
of  data  since  it  is  obvious  that  many 
of  the  inter-correlations  from  which 
the  factors  are  derived  are  not  pre¬ 
cise. 

Factor  analysis  was  chosen  as  the 
technique  to  discover  any  possible 
association  of  measures  of  progres- 
sivism  with  characteristics  of  com¬ 
munities.  The  advantage  of  factor 
analysis  over  other  techniques  such 
as  multiple  regression  is  that  it  dem¬ 
onstrates  the  broadest  dimensions  of 


association  among  the  whole  set  of 
variables.  Factor  analysis  also  re¬ 
veals  association  between  particular 
variables  which  either  are  not  easily 

ft/ 

discernible  or  are  suspected  from 
a  matrix  of  raw  correlations.  Final¬ 
ly,  this  technique  is  appropriate  in 
a  problem  such  as  this  one  which  is 
exploring  an  area  in  which  there  are 
only  limited  hypotheses  as  to  pos¬ 
sible  associations  among  the  variables 
involved. 

The  factors  were  derived  through 
the  programs  of  the  Illiac  computer 
of  the  University  of  Illinois.  The 
matrix  of  inter-correlations  was  fac- 
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torecl  by  a  centroid  rotation  with 
fixed  commnnalities,  and  these  re¬ 
sults  were  rotated  to  orthogonal  sim¬ 
ple  structure  by  the  so-called  Quarti- 
max  program.  Six  factors  were 
selected  as  representing  the  basic 
clusters  of  correlations  among  the 
variables.  These  factors,  each  with 
an  identifying  designation  and  the 
component  variables  which  show  a 
high  loading  (.35  or  greater)  on  the 
factor  are  shown  in  Table  2.  The 
per  cent  of  total  variance  attributed 
to  each  factor  is  shown  in  Table  3. 


Discussion 

Examination  of  the  factors  shows 
that  three  of  them,  Factor  C,  “  Oc¬ 
cupation-Income”,  Factor  D,  “Pop¬ 
ulation  Age”,  and  Factor  F,  “Pate 
of  Community  Growth”,  contain 
variables  which  are  exclusively  com- 
munity  characteristics  and  do  not 
show  high  association  with  library 
variables.  These  three  factors,  there¬ 
fore,  are  of  interest  because  they 
show  clustering  of  traits  which  could 
serve  to  distinguish  the  neutral  type 


Table  2. — Variables  with  high  factor  loadings  in  six  community-library  factors 

after  rotation  to  orthogonal  simple  structure. 


“Community 

Size” 

B.  “Socio-Economic  Class” 

Variable 

Variable 

No. 

Loading 

No. 

Loading 

1 

.950 

6 

-.457 

13 

.963 

8 

-.552 

14 

.945 

15 

-.742 

17 

.525 

17 

-.502 

18 

.977 

19 

-.646 

20 

.980 

25 

-.801 

21 

.981 

26 

-.827 

22 

.982 

25 

.419 

“Occupation-Income” 

D.  “Population 

Age” 

Variable 

Variable 

No. 

Loading 

No. 

Loading 

4 

-.365 

2 

-.368 

7 

.588 

3 

.918 

9 

.776 

4 

.776 

10 

.926 

11 

-.922 

“Race” 

F.  “Rate  of  Community  Growth 

Variable 

Variable 

No. 

Loading 

No. 

Loading 

5 

.436 

2 

.589 

7 

-.383 

5 

-.487 

16 

-.781 

6 

.616 

23 

-.734 

24 

-.580 

Table  3. — 

-Per  cent  of  total 

variance  attributed  to 

each  factor. 

A 

28.12 

B 

13.39 

C 

17.13 

D 

7.07 

E 

5.08 

F 

5.26 
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of  community  in  respect  to  com¬ 
munity  progressivism.  The  “Occu¬ 
pation-Income  ’  ’  factor  indicates  that 
in  Illinois  communities  there  is  a 
high  association  of  per  cent  of  males 
in  the  labor  force,  the  per  cent  en¬ 
gaged  in  manufacturing  and  median 
income  and  that  this  cluster  of  traits 
shows  some  negative  association  with 
per  cent  of  population  over  sixty-five 
years  of  age.  The  factor  “Popula¬ 
tion  Age”  shows  that  communities 
which  did  not  show  population  in¬ 
crease  from  1940-1950  had  a  large 
proportion  of  aged  in  1950.  The 
factor  “Pate  of  Community 
Growth”  shows  that  the  communi¬ 
ties  with  a  relatively  high  rate  of 
growth  in  this  decade  tended  to  be 
low  in  per  cent  non-white  and  high 
in  the  median  years  of  completed 
schooling  in  1950.  This  factoring 
of  variables  into  these  kinds  of  clus¬ 
ters  reveals  patterns  already  de¬ 
scribed  in  the  literature  on  locality 
characteristics  and  in  this  sense, 
these  findings  about  Illinois  com¬ 
munities  simply  confirm  that  the 
Illinois  pattern  is  a  typical  pattern. 
What  is  important  is  that  none  of 
these  factors  shows  significant  load¬ 
ings  on  the  library  variables,  so  that 
it  can  be  assumed  that,  these  factors 
describe  Illinois  towns  and  cities 
which  are  neutral  in  respect  to 
progressivism. 

The  other  three  factors  contain, 
however,  both  community  and  li¬ 
brary  variables  and  suggest  char¬ 
acteristics  of  local  populations  which 
may  have  a  direct  relation  to  meas¬ 
ures  of  progressivism.  “Community 
Size”  is  such  a  factor.  Here  all  the 
high  factor  loadings  except  popula¬ 
tion  size  itself  are  on  items  describ¬ 
ing  library  service.  Most  of  these 


variables,  such  as  number  of  vol¬ 
umes,  total  annual  circulation  and 
total  expenditures  could  be  expected 
to  have  a  direct  relation  to  com¬ 
munity  size.  One  important  trait, 
however,  library  tax  income  per  lo¬ 
cal  resident,  shows  itself  to  be  part 
of  this  cluster.  This  item  can  be 
regarded  as  a  clear  indicator  of  al¬ 
location  of  local  resources  to  com¬ 
munity  welfare,  and  its  presence  in 
this  factor  suggests  that  size  and 
progressivism  are  associated. 

The  factor  “Socio-Economic 
Class”  is  an  interesting  combination 
of  traits  which  casts  light  on  what 
might  be  an  important  component 
of  progressivism.  This  factor  indi¬ 
cates  that  where  median  school  year 
is  low  and  per  cent  of  females  in  the 
labor  force  is  small,  librarv  facili- 
ties  are  poor,  the  hours  of  service 
are  low,  the  tax  rate  is  low  as  is  per 
capita  library  expenditure.  A  Ioav 
educational  level  combined  with  be¬ 
low  average  female  employment  sug¬ 
gests  lack  of  white  collar  occupa¬ 
tions.  Such  a  lack  appears  in 
marked  association  with  lack  of 
progressivism.  The  final  factor 
“Race”  shows  that  high  propor¬ 
tion  of  non-whites  is  in  a  negative 
relation  to  the  per  cent  of  males  in 
the  labor  force  and  in  expenditures 
for  books  and  salaries  of  library  per¬ 
sonnel.  Such  a  low  level  of  services 
betokens  non-progressivism  in  com¬ 
munities.  Incidentally,  one  variable 
important  in  this  factor  confirms 
observations  by  professional  librar¬ 
ians  about  the  library  habits  of  one 
segment  of  the  local  populations. 
The  high  negative  loading  on  one 
item,  per  cent  of  circulation  that 
was  fiction,  implies  that  where  there 
is  a  large  non-white  population,  cir- 
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dilation  in  fiction  is  low.  Several 
librarians  commented  tliat  tliis  find¬ 
ing  agrees  with  their  experience  that 
generally  Negro  clientele  are  inter¬ 
ested  in  books  in  the  do-it-yonrself 
and  self-help  categories. 

Summarizing  the  information 
shown  in  these  six  factors  provides 
general  descriptions  of  progressive, 
non-progressive  and  neutral  towns 
and  cities.  These  descriptions  refer 
to  the  basic  dimensions  of  Illinois 
communities  that  are  related  to  the 
support  of  local  community  wel¬ 
fare,  as  it  is  measured  by  the  qual¬ 
ity  of  library  service.  Progressive 
local  populations  tend  to  be  large, 
with  white-collar  employment  and 
a  low  proportion  of  non-white.  Non¬ 
progressive  localities  have  the  oppo¬ 
site  traits.  Neutral  communities 
have  high  incomes  and  a  large  pro¬ 
portion  of  the  work  force  in  manu¬ 
facturing;  they  show  less  than  the 
average  rate  of  population  increase 
from  1940  to  1950  if  a  high  propor¬ 
tion  of  people  were  aged ;  and  they 
underwent  a  high  rate  of  increase 
from  1940  to  1950  if  there  was  a  high 
level  of  schooling  and  a  low  ratio 
of  non-white. 

Community  Examples 

Actual  towns  and  cities,  of  course, 
cannot  be  expected  to  show  all  the 
characteristics  of  the  progressive, 
non-progressive  and  neutral  popu¬ 
lations  since  the  community  dimen¬ 
sions  defining  these  types  are  based 
on  orthogonal  factors  which  means 
that  each  factor  is  relatively  inde¬ 
pendent  of  the  other.  However, 
when  the  census  characteristics  of 
an  Illinois  municipality  show  that 
a  factor  describes  its  population, 


then  generally  the  local  library  fa¬ 
cilities  are  at  the  statistically  pre¬ 
dicted  level.  For  example,  Free¬ 
port,  which  is  twice  as  large  as  the 
average  community  in  the  state,  pro¬ 
vides  library  tax  income  per  capita 
almost  twice  the  average  for  Illi¬ 
nois  communities.  Eldorado  and 
West  Frankfort  are  low  in  the  scale 
of  white  collar  employment  and  are 
correspondingly  low  in  library  serv¬ 
ices.  Wood  River,  a  community  high 
in  income  and  manufacturing  em¬ 
ployment,  is  close  to  the  average  in 
its  library  facilities.  Jacksonville 
shows  a  very  high  median  age,  prac¬ 
tically  no  population  increase  from 
1940  to  1950,  and  about  average  li¬ 
brary  facilities.  Madison,  with  an 
unusually  high  proportion  of  non¬ 
white  population,  falls  below  the 
average  in  library  salary  expendi¬ 
tures.  This  evidence  from  a  few 
sample  communities  indicates  that 
community  characteristics  selected 
by  factor  analysis  can  be  used  in  the 
prediction  of  progressivism  in  actual 
communities. 

Of  course,  the  discovery  of  a  dis¬ 
cernible  relation  between  census 
characteristics  of  community  and  its 
level  of  library  services  does  not 
mean  that  there  is  a  direct  causal 
relationship  between  these  traits. 
Rather,  it  should  be  apparent  that 
a  factor  analysis,  like  any  other  sta¬ 
tistical  correlation,  can  only  set  the 
stage  for  explaining  the  causes  of 
progressivism  and  non-progressivism 
in  communities.  The  many  activi¬ 
ties  involved  in  allocating  financial 
resources  for  any  form  of  local  wel¬ 
fare,  including  the  library,  repre¬ 
sent  local  policies  and  practices 
which  themselves  should  be  analyzed. 
The  present  findings  simply  suggest 
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certain  pre-conditions  which  appar¬ 
ently  enter  into  the  development  of 
local  practices  and  which  are  ulti¬ 
mately  reflected  in  the  differences 
among  Illinois  localities  in  indices 
of  community  services. 

Summary 

Progressive  communities  were  de¬ 
fined  as  those  providing  above  aver¬ 
age  support  for  local  services  includ¬ 
ing  library  facilities.  A  statistical 
analysis  was  made  of  U.  S.  Census 
characteristics  and  measures  of  li¬ 
brary  service  in  154  Illinois  towns 
and  cities.  The  sample  included 
almost  all  places  of  2,500  or  more 
population,  according  to  the  1950 
Census,  outside  of  the  Chicago  met¬ 
ropolitan  area.  The  results  of  this 
analysis  showed  patterns  of  census- 
reported  traits  which  are  associated 
with  qualities  of  library  service  re¬ 
garded  as  an  index  of  a  progressive 
community. 

The  statistical  technique  of  factor 
analysis  by  computer  methods  was 
used  to  determine  the  inter-correla¬ 
tions  of  the  library  traits  and  com¬ 
munity  variables.  This  technique  re¬ 
veals  any  clustering  or  patterning 
of  the  variables  in  the  form  of  fac¬ 
tors.  A  factor  represents  a  common 
dimension  which  the  component  vari¬ 
ables,  at  least  statistically,  appear 
to  share  in  some  degree.  Such  a 


statistic  presents  itself  as  an  appro¬ 
priate  device  for  depicting  presence 
or  absence  of  progressivism. 

Six  factors  were  selected  as  a 
measure  of  the  pattern  of  statistical 
association  of  the  twenty-six  irari- 
ables.  The  factor  “Community 
Size”  was  positively  related  to  ade¬ 
quacy  of  library  service  and  was 
taken  as  an  index  of  community 
progressivism.  A  second  factor  was 
defined  as  representing  “Social 
Class”  and  served  to  identify  the 
non-progressive  community.  Anoth¬ 
er  factor,  “Pace”,  was  to  some  ex¬ 
tent  related  to  poorer  library  serv¬ 
ice.  The  factor  “Occupation- 
Income  ’  ’  was  not  regarded  as  linked 
to  library-service  adequacy  as  was 
also  the  case  with  the  factor  “Popu¬ 
lation  Age”.  The  factor  “Pate  of 
Community  Growth  ’ 7  was  not  signifi¬ 
cantly  associated  with  library  facili¬ 
ties.  These  last  three  factors  were 
taken  to  demonstrate  the  traits  of 
communities  neutral  in  respect  to 
progressivism. 
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ITAPACI,  BRAZIL: 

RAPID  GROWTH  OF  A  FRONTIER  TOWN 

ROBERT  L.  CARMIN 

University  of  Illinois,  Urbana 


The  town  of  Itapaci,  Goias,  lo¬ 
cated  125  miles  northwest  of  the 
new  federal  capital  of  Brasilia  (Fig. 
1),  is  the  product  of  an  advancing 
agricultural  frontier.  This  paper 
analyzes  Itapaci ’s  growth  with  re¬ 
spect  to  economic  developments 
which  have  taken  place  in  its  region. 
Itapaci  was  first  studied  in  1948 
when  I  described  the  town  on  its 
site  and  its  regional  functions  (Car¬ 
min,  1955).  In  July  1956,  I  re¬ 
examined  Itapaci  as  part  of  a  larger 
study  dealing  with  the  Goias  agricul¬ 
tural  frontier  (Carmin,  1958). 

European  occupancy  in  southern 
Goias  has  undergone  two  stages — 
the  mining  and  grazing  periods— 
and  during  the  two  times  I  studied 
Itapaci  the  area  was  experiencing 
a  third  phase,  the  rise  of  commercial 
agriculture,  an  activity  which  domi¬ 
nates  grazing  in  some  sections  but 
is  only  beginning  to  compete  with 
it  in  others.  With  each  stage  of 
occupancy,  new  towns  were  born 
and  many  existing  towns  disap¬ 
peared  or  changed  their  functions 
in  order  to  survive. 

The  development  and  rapid  growth 
of  Itapaci  has  been  a  response  to 
the  rise  of  commercial  agriculture. 
A  combination  of  many  factors — 
including  a  rapidly  growing  national 
population  with  a  resultant  greater 
demand  for  farm  products,  a  de¬ 
crease  in  production  from  the  im¬ 
poverished  soils  of  the  long-settled 
areas,  and  a  national  focus  of  at¬ 
tention  on  southcentral  Goias  as  an 
area  of  promising  agricultural  value 


- — all  have  given  rise  to  a  rapid  in¬ 
crease  in  the  acreage  devoted  to 
crops  in  Goias.  Much  of  Brazil’s 
central  plateau  is  covered  by  cerrado 
(savanna-like)  vegetation,  but  some 
parts  contain  mato,  a  semideciduous 
forest  cover.  The  settlers  of  the 
region  generally  consider  the  mato 
soils  excellent  for  crops  such  as  cof¬ 
fee,  corn,  upland  rice,  cotton,  and 
beans,  but  feel  that  the  cerrado  soils 
must  be  restricted  to  pasture  land  or 
at  best  only  be  used  for  less  exacting 
crops  such  as  pineapples  (  Waibel, 
1948,  p.  550).  Thus  to  greatly  sim¬ 
plify  the  situation,  places  such  as 
Itapaci,  which  lie  within  a  great 
forested  area,  the  Mato  Grosso  de 
Goias  (Fig.  2),  have  in  recent  years 
attracted  growing  numbers  of  pio¬ 
neers  who  clear  the  forest  and  plant- 
crops.  The  extension  of  the  Goias 
Railroad  to  Anapolis  in  1935  aided 
the  movement  of  people  and  supplies 
into  south  Goias  and  provided  an 
outlet  to  markets  nearer  the  coast. 

Encouraged  by  these  develop¬ 
ments,  two  farmers,  in  September, 
1934,  settled  on  the  banks  of  the 
Rio  Sao  Patricinho  near  the  north¬ 
ern  edge  of  the  Mato  Grosso  de 
Goias.  Within  two  years  other  set¬ 
tlers  came  to  the  area  and  the  two 
farmers  platted  a  small  clearing  in 
the  forest  nearby,  lots  were  sold  and 
Itapaci  was  born.  The  settlement 
grew  rapidly;  in  1939  it  became  a 
distrito  (township)  seat  and  in  1945 
it  was  elevated  to  the  political  posi¬ 
tion  of  municipio  seat — the  equiva¬ 
lent  of  our  county  seat. 
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Itapaci  became  the  political,  com¬ 
mercial,  and  cultural  center  for  the 
municipio  at  the  expense  of  Pilar, 
a  decadent  gold  mining  town  found¬ 
ed  in  1741  during  the  mining  period. 
Pilar,  or  Itace  as  it  is  called  today, 
is  outside  of  the  forested  zone  of 
promising  soils,  hence  settlers  search¬ 
ing  for  productive  farm  land  did  not 
focus  on  and  revive  this  old  town. 
Instead,  Itapaci,  situated  within  the 
forest,  attracted  settlers.  But  Itapa¬ 
ci  ’s  growth  and  new  status  in  the 


municipio  was  closely  tied  to  the 
regional  economic  developments  con¬ 
sidered  below. 

In  1941  the  Brazilian  government 
created  an  agricultural  colony  at 
Ceres  (the  Colonia  Agricola  Nation¬ 
al  de  Goias),  90  miles  north  of 
Anapolis  (Pig.  2).  In  effect,  the 
establishment  of  a  colony  within  the 
Mato  Grosso  de  Goias  served  as  a 
federal  stamp  of  approval  on  the  for¬ 
est-covered  lands.  In  addition,  im¬ 
proved  transportation  facilities  in 
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the  form  of  an  all-weather  highway 
to  the  Colonia  from  the  railhead  at 
Anapolis  stimulated  settlement 
around  and  beyond  the  Colonia. 
The  road  reached  the  Colonia  in  1945 
and  at  the  time  of  my  first  field  study 
of  Itapaci  in  1948,  the  federal  road 
had  been  completed  through  the 
Colonia  and  some  44  miles  beyond 
it.  Thus  a  combination  of  factors 
caused  the  forested  lands  to  attract 
settlers  and  an  improvement  in 
transport  facilities  made  settlement 
there  feasible.  However,  inaccessi¬ 
bility  was  still  a  handicap  to  Itapa¬ 
ci  ’s  growth  in  1948  because  the  final 
section  of  the  onlv  road  to  the  town 


was  a  very  poor  single-lane  route 
that  turned  westward  from  the  good 
federal  road  a  few  miles  north  of 
the  Colonia  (see  dashed  line,  Fig. 

2) .  This  rutted,  narrow  road  which 
bridged  gullies  by  a  few  hewn  logs 
usually  restricted  the  speed  of  the 
bus  and  truck  serving  Itapaci  to  5 
miles  per  hour  when  they  made  their 
semiweekly  run  from  Anapolis  (Fig. 

3) .  During  the  dry  season  when 
the  road  was  at  its  best  these  vehicles 
required  about  10  hours  of  uncom¬ 
fortable  travel  to  make  the  140  mile 
trip  in  1948.  Although  the  road  to 
Itapaci  was  poor,  only  oxcart  and 
horse  trails  extended  bevond  the 


Fig.  2. — Site  map.  The  S  shaped  area  is  the  Mato  Grosso  de  Goias,  a  semi- 
deciduous  forest  area.  Ceres  is  the  headquarters  of  a  national  agricultural  colony. 
The  dashed  line  (arrow)  shows  the  first  road  to  Itapaci  largely  lying  outside  the 
forest  zone.  The  towns  of  Nova  Gloria  and  Nova  Ponte  are  located  at  G  and  P 
respectively. 
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town.  It  was  truly  the  end  of  the 
road  for  automotive  vehicles. 

Figure  2  shows  an  important  fact 
about  Itapaci’s  location.  The  town 
is  located  within  but  near  the  north 
edge  of  the  Mato  Grosso  de  Goias. 
This  situation  made  it  possible  for 
Itapaci  to  develop  in  the  first  place 
and  speeded  up  its  early  growth.  Al¬ 
though  federal  funds  built  a  good 
road  beyond  the  agricultural  colony, 
Itapaci’s  site  is  18  miles  west  of  the 
point  where  the  federal  road  emerges 
from  the  northern  extremity  of  the 
forested  zone.  Thus,  the  incipient 
town  started  by  the  two  farmers  was 
isolated  by  heavy  forest  on  the  south 
and  except  for  the  fact  that  its  site 
was  not  far  from  the  easily  penetrat¬ 


ed  cerrado  vegetation  area  just  to 
the  north,  it  would  not  likely  have 
been  laid  out  when  it  was — or  cer¬ 
tainly  its  growth  would  have  been 
delayed.  The  first  road  to  Itapaci 
largely  went  through  cerrado  areas 
or  skirted  the  edges  of  the  mato. 
Thus  fewer  and  smaller  trees  were 
confronted  and,  in  addition,  because 
the  cerrado  vegetation  tended  to  be 
on  the  uplands  or  upper  slopes  of 
valley  sides,  the  road  was  located 
where  surface  drainage  was  good, 
and  only  a  few  crude  bridges  were 
required. 

Roads  of  this  nature  were  very 
poor,  but  little  else  could  be  provided 
because  the  tax  income  was  meager 
due  to  the  small  population  and  high 


Fig.  3. — Old  road  to  Itapaci,  now  unmaintained  and  little  used.  The  vegetation 
is  denser  in  this  small  valley  than  along  most  of  the  route  which  goes  through 
savanna.  The  rude  bridge  of  hewn  logs  imbedded  and  retained  only  by  earth  fill 
was  typical  of  the  first  road  to  serve  Itapaci. 
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Pjg-  4 _ New  road  through  forest  midway  between  Nova  Gloria  and  Nova  Ponte. 

View,  about  14  miles  south  of  Itapaci,  shows  good  surfaced,  wide  road  in  section 
where  some  forest  remains. 


percentage  of  undeveloped  proper¬ 
ties.  Although  poor,  the  road  did 
provide  Itapaci  with  a  degree  of  ac¬ 
cess  to  the  railhead,  and  hardy  souls 
with  faith  in  the  future  of  the  com¬ 
munity  were  attracted.  This  route 
was  enough  to  start  the  town  on  its 
way,  but  with  such  an  inferior  road 
the  town’s  growth  would  be  limited 


and  other  areas  with  similar  farm 
land  but  better  accessibility  would 
surpass  it. 

Itapaci ’s  first  road  suffered  a  sec¬ 
ond  handicap — it  was  round-about. 
The  direct  route  to  the  railhead  lay 
through  the  dense  forest  which  pro¬ 
vided  two  obstacles  to  easy  road¬ 
building,  namely,  large  trees  to  be 
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Fig.  5. — Itapaci  land  use  in  1948. 
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Fig.  6. — Itapaci  land  use  in  1956. 
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cut  and  destumped  and  numerous 
sizeable  streams  to  be  bridged.  The 
meager  population  of  Itapaci  Mu- 
nicipio  in  1948,  with  about  one  per¬ 
son  for  each  two  square  kilometers, 
could  not  afford  the  cost  of  building 
a  road  through  the  forest.  Further¬ 
more,  the  forest  route  would  run 
largely  through  another  municipio 
and  be  outside  of  Itapaci ’s  jurisdic¬ 
tion. 

In  time,  however,  the  agricultural 
frontier  advanced  westward  and 
northward  from  Ceres,  the  seat  of 
the  agricultural  colony,  along  a  more 
or  less  solid  line  through  the  recipro¬ 
cal  action  of  land  occupance  and 
transportational  development.  As 
people  moved  into  the  forest,  first 
poor  and  then  increasingly  better 
roads  were  built  to  serve  them  (Fig. 
4).  By  1951  a  road  was  extended 
from  the  federal  road  through  the 
forest  to  the  Bio  Sao  Patricio — just 
eight  miles  southeast  of  Itapaci,  and 
in  October  1952,  the  Sao  Patricio 
Avas  bridged  and  this  good  road 
reached  Itapaci. 

No  longer  Avas  Itapaci  dangling 
at  the  end  of  a  round-about,  poor 
road  —  isolated  from  the  relatively 
solid  frontier  of  producing  crop 
land.  NoATa  Gloria,  a  town  of  about 
200  persons,  soon  deATeloped  at  the 
road  junction  where  the  neAV  road 
to  Itapaci  turned  off  the  federal  road 
(G  in  Fig.  2).  And  spectacularly, 
the  town  of  NoA7a  Ponte,  New  Bridge, 
sprang  to  life  Avhere  the  Sao  Patricio 
Avas  spanned  (see  P,  Fig.  2).  NoAra 
Ponte  had  a  population  of  800  to 
1,000  persons  in  1956  —  just  five 
years  after  the  new  road  reached  it. 
With  the  neAV  road,  Itapaci  is  still 
on  the  outer  fringe  of  urban  settle¬ 
ment,  but  it  is  iaoav  near  the  front 


of  the  advancing  line  of  agricultur¬ 
ally  productive  land  in  the  Goias 
frontier,  and  in  a  position  to  deA^elop 
more  completely  by  a  sort  of  sym¬ 
biotic  association  with  nearby  areas 
of  settlement.  With  only  the  old, 
poor  road,  relatively  few  truckers, 
busses,  or  traveling  salesmen  both¬ 
ered  to  go  to  Itapaci  unless  for  a  spe¬ 
cial  purpose  because  there  were  no 
towns  for  the  whole  distance  of  54 
miles  between  Ceres  in  the  agricul¬ 
tural  colony  and  Itapaci.  Moreover, 
very  few  farmers  were  to  be  found 
along  the  last  25  miles  of  this  route 
because  the  cerrado  areas  supported 
feAv  agriculturists.  The  new  road, 
on  the  other  hand,  passes  through 
tAvo  towns,  many  farms,  and  by  nu¬ 
merous  wayside  stores  where  a  va- 
riety  of  goods  are  traded  or  sold  for 
agricultural  produce  from  adjacent 
farms.  In  short,  then,  the  presence 
of  a  relatively  dense,  productive  pop¬ 
ulation  proATides  inducements  such 
as  bus  customers,  a  market  for  goods, 
and  a  place  where  truckers  can  buy 
from  Avholesale  collectors  or  the 
farmers.  A  trucker  or  salesman  that 
goes  beyond  Ceres  goes  on  to  the  next 
toAvn,  then  the  next,  and  so  on — as 
long  as  the  towns  or  farms  are  not 
spaced  too  far  apart.  The  situation 
is  similar  to  the  clustering  effect  that 
occurs  in  shopping  areas  of  large 
cities — each  ready-to-wear  clothing’ 
store  stands  to  gain  more  in  sales 
by  being  a  part  of  an  attractive  nu¬ 
cleus  than  it  loses  by  being  in  com¬ 
petition  with  other  stores  of  its  type 
in  the  area.  With  the  new  road, 
Itapaci  no  longer  dominates  an  un¬ 
derdeveloped  area,  but  instead  it  is 
one  of  a  cluster  of  towns  all  vying 
for  a  share  of  a  growing,  productive 
region.  In  time,  one  of  the  towns 
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Fig.  7. — View  south  along  120  feet  wide  main  street  of  Itapaci  in  1956.  New 
road  enters  town  at  far  end  of  main  street.  Arrow  shows  rickety  bridge  (see  Fig. 
6),  entrance-way  in  past  via  old  road  seen  at  left  of  arrow.  Some  virgin  forest 
remains  in  right  background. 


in  the  cluster  may,  through  propi¬ 
tious  circumstances,  outstrip  the  oth¬ 
ers  in  growth  and,  once  a  strong  lead 
is  taken,  tend  to  restrict  the  growth 
of  other  nearby  towns.  It  is  yet  too 
early  to  tell  whether  Itapaci  will  be 
the  favored  one,  but  its  early  lead 
and  its  function  as  municipio  seat 
give  it  strong  advantages. 

What  has  been  Itapaci ’s  rate  of 
growth?  During  the  first  fifteen 
years  the  town  accumulated  a  popu¬ 
lation  of  approximately  900  persons. 
In  the  next  six  years,  from  1949  to 
1954,  it  doubled  its  population  and 
in  July,  1956,  2,075  persons  resided 
there.1  Figures  5  and  6  show  land 


1  Data  obtained  from  interview  with  Filomeno 
Luiz  Fransa,  Statistical  Agent  for  the  Institute 
Brasileiro  de  Estatistico,  Itapaci  Municipio,  July 
27,  1956. 


use  maps  of  Itapaci  in  1948  and  in 
1956.  Space  does  not  permit  us  to 
examine  in  detail  the  spread  of  the 
town  on  its  site  or  to  consider  the 
town’s  function  as  reflected  in  the 
kind  and  nature  of  its  urban  forms, 
but  an  examination  of  the  two  land 
use  maps  shows  much  concerning  the 
growth  of  the  town.  The  forest  has 
been  cut  back,  more  streets  have  been 
laid  out,  and  many  more  buildings 
have  been  constructed.  Retail  stores 
and  a  variety  of  services  focus  on  the 
main  street.  The  broken  lines  shown 
on  the  1956  map  are  the  original  plat 
lines  and  they  show  the  planned  na¬ 
ture  of  the  layout.  Occupance  of 
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the  site  lias  closely  conformed  to  this 
layout  with  but  one  or  two  excep¬ 
tions. 

In  1948  Itapacl  Mnnicipio  was 
underdeveloped  considering  the  pro¬ 
portion  of  land  utilized  for  crops, 
and  in  agricultural  productivity  per 
person  (Carmin,  1955,  p.  116).  Evi¬ 
dence  indicated  that  a  high  propor¬ 
tion  of  the  farms  were  too  new  to 
provide  much  more  than  subsistence 
living  for  their  owners,  that  is,  the 
farmers  had  not  been  on  the  land 
long  enough  to  clear  sufficient  space 
for  producing  a  surplus  beyond  their 
own  needs.  Today  this  situation  is 
improved  and  it  is  significant  that 
a  commercial  product,  coffee,  was 
harvested  from  1,316  hectares  in 
1955. 2  Thus  to  a  degree,  the  Mu- 
nicipio  lias  overcome  the  space-time 
limitations  on  its  growth.  Enough 
time  has  now  elapsed  and  more  land 
is  in  crops,  both  subsistence  and  com¬ 
mercial.  Also  the  new  road  has 
helped  overcome  much  of  the 
“ space”  or  location  handicap  Itapa- 
ci  formerly  suffered.  In  1947  the 
Mnnicipio  had  only  .0004  of  its  area 
in  crops.  In  1952  the  amount  was 


.004,  and  in  1955  it  had  increased  to 
.013. 

Itapaci  is  still  a  primitive  place 
with  few  comforts,  but  there  are 
many  indications  that  the  town  will 
grow  steadily  in  an  orderly  fashion 
in  response  to  the  development  of  its 
immediate  vicinal  area  (the  mu- 
nicipio),  and  of  the  larger,  agricul¬ 
turally  productive  area  of  which  it 
is  a  part.  With  Brasilia,  the  new 
federal  capital,  established  in  an  area 
of  relatively  unproductive  cerraclo 
lands  some  125  miles  southeast, 
Itapaci  and  the  whole  region  in 
which  Itapaci  is  situated  has  a  pros¬ 
perous  future  ahead  as  a  supplier 
of  a  rapidly  growing  urban  market. 
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